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EXECUTIVE SUMMARY 


The subject of this thesis is a digital image synthesizer (DIS), which is especially 
useful as a counter-targeting signal repeater, i.e., for synthesizing the characteristic echo 
signature of a pre-selected target. The DIS has a digital radio frequency memory (DRFM) 
and associated circuitry, including digital tapped delay lines and a modulator in each 
delay line to impose both amplitude and frequency modulation in each line. A unique 
property of the digital image synthesizer is its ability to synthesize false targets using 
wideband chirp signals of any duration. To generate the false target, the user can program 
the target extent (number of taps) and the amplitude and Doppler frequency of each 
range-Doppler cell within the image. The algorithm of the DIS has been computer 
simulated and has verified the theory behind it. A concept demonstrator has been 
developed using a field programmable gate array technique. The DIS has developed 
further toward physical implementation as an application specific integrated circuit. The 
system-on-a-chip uses a scalable CMOS technology that increases the bandwidth and 
sensitivity of such a repeater over prior analog-based systems. The application-specific 
integrated-circuit reduces the noise of the repeated signal, reduces the size and cost of 
such a system, and permits real time alteration of operating parameters, permitting rapid 
and adaptive shifting among different types of targets to be synthesized. A scan-path test 


capability is also included to allow intra-chip signal analysis and verification. 
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I. COUNTERING THE SENSOR-SHOOTER ENGAGEMENT 


Future Navy electronic warfare (EW) systems must be designed to operate in the 
RF environment to provide a layered EW defense and also to serve as a fully-integrated 
shipboard combat system sensor. The next generation EW systems must also provide 
threat identification and a complete situational awareness to allow the quick reaction 
modes required to counter the modern anti-ship cruise missile (ASCM) threat. Figure 1 
shows the sequence of events taken by the enemy sensor-shooter in order to place a 
missile on a target (hard kill). A typical sequence begins with the enemy’s electronic 
support surveillance sensor detecting the target of interest (e.g., with a long range over- 
the-horizon targeting radar). After acquiring a number of hits on the target, one can 
identify the target by using an additional high-resolution sensor, such as an airborne 


inverse synthetic aperture radar (ISAR) imager. This type of radio frequency (RF) sensor 


forms an image of the target that can be used for recognition and identification. 
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Figure 1. Sequence of Steps Necessary to Land a Missile on a Target 


Depending on the target identification, the decision to engage the target and 


launch a weapon (such as an ASCM) is made using the inputs, for example, from the 


ISAR imager. After the ASCM is launched, acquisition and terminal homing of the 
missile is again accomplished using the missile’s ISAR. Use of an ISAR in the terminal 
phase of the missile allows good aimpoint accuracy and greater probability of kill. 

To avoid the ASCM hard kill, one can use a number of countering techniques 
including counter-surveillance, counter-identification, counter-targeting, counter-lock-on 
and counter-terminal. Counter-surveillance and counter-identification include the use of 
low-radar cross-section materials, stealth and deception devices. Counter-targeting 
includes the use of active electronic attack (EA) and the use of decoy repeaters. Counter- 
lock-on and counter-terminal techniques consist of EA, distraction and seduction chaff as 
well as decoy repeaters. 

Counter-identification and counter-targeting systems can begin the electronic 
attack well before the opposition launches any missiles due to the generation of a lower 
probability of target acquisition. Since acquisition systems and future missile seekers will 
employ pulse-to-pulse spread spectrum using unfocused SAR and ISAR to improve 
target recognition and decoy rejection, the need for coherent countering of these imaging 
sensors/seekers remains a high priority for EA systems. Countering-identification and 
counter-targeting techniques employ a false target image generated or synthesized with 
the objective of deceiving the imaging radar into believing the false target is a real one. 
Imaging sensors use coherent range-Doppler processing. Consequently, various forms of 
complex modulations must be imposed on the intercepted wideband waveforms in order 
to enable the imager to integrate the false target properly. 

In this report, the design, analysis and fabrication of an all-digital image 


synthesizer for pulse-to-pulse countering of high resolution RF imaging sensors (e.g., 


SAR, ISAR) is presented. The signal processing used in the digital image synthesizer 
circuit is especially useful as a signal repeater, i.e., for synthesizing the characteristic 
echo signature of a pre-selected target. The entire system has a digital radio-frequency 
memory (DRFM) and associated circuitry, including a digital-tapped delay line and a 
modulator in each delay line to impose both amplitude and frequency modulation in each 
range-cell. The use of digital semiconductor technology (0.5/0.35um CMOS) increases 
the bandwidth and sensitivity of the repeater over prior analog-based systems and reduces 
the noise of the repeated signal. It also reduces the size and cost of such a system and 
permits real-time alteration of operating parameters, permitting rapid and adaptive 
shifting among different kinds of targets to be synthesized. The integrated circuit is 
designed so that it can easily be integrated with a number of phase-sampling DRFM 
architectures. 

For completeness, Chapter II provides a brief introduction of ISAR and ISAR 
signal processing. Chapter If discusses the digital image synthesizer concept and how 
the false target is generated. Chapter IV describes a set of modular Matlab programs that 
is easy to use and maintain for hardware simulation and evaluation of concept 
alternatives. Chapter V presents an Altera field-programmable gate-array (FPGA) 
implementation of the image synthesizer concept. To increase the bandwidth of the 
device, Chapter VI describes the investigation into converting the FPGA design into an 
application specific integrated circuit (ASIC). In Chapter VI, the schematic of an ASIC 
design in scalable CMOS is described in detail. Chapter VIII addresses timing and 
control of the ASIC. In Chapter IX, simulation results are presented including full-scale 


simulation of a radar pulse. Comparison of the results with the Matlab simulation is also 


presented in order to verify the concept and detail the advantages of the architecture. 


Finally, in Chapter X, layout and fabrication issues are discussed. 


II. INTRODUCTION TO 


INVERSE SYNTHETIC APERTURE RADAR 


ISAR is a high-resolution technique for imaging isolated moving targets, such as 
ships and aircraft. The technique used by both targeting sensors and ASCMs closely 
parallels the SAR imaging approach in which the image (or map) is generated from the 
return signals being reflected off the target as the radar moves past the target area. In the 
ISAR technique, the target imaging is generated from the return signals being reflected 
off the target as the target rotates within the radar illumination. To illustrate this duality 
Figure 2 (a) shows a spotlight SAR in which the radar transverses a circular path about 
the target while collecting the return signals (focused spotlight) [Ref. 1]. The radar 
antenna in the spotlight SAR continually tracks the target. Note that the same signal 
returns could be collected if the radar were stationary and the target was put through a 


rotation as shown in Figure 2 (b). 


Stationary 


a) Target 


b) 





Figure 2. Comparison of the Geometrical Relationship between 


(a) Focused Spotlight SAR and (b) ISAR (From Ref. [1]) 
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A. RANGE-DOPPLER IMAGING 


The range-Doppler image consists of resolution cells, each containing estimates 
of the target’s magnitude and position of scatterers in both range and cross-range 
(Doppler). The orientation of the range-Doppler image is determined by the target’s 
rotation relative to the ISAR. The range dimension within the range-Doppler image is 
oriented along the radar line of sight (LOS). Range focusing is based on the range- 
independent point target response determined by the wideband chirp waveform. The 
cross-range dimension of the range-Doppler image is the dimension lying perpendicular 
to the plane contained by the radar LOS and contains the Doppler frequency of the 
resolved scatterers in range. Determining the rotational motion during data collection and 
calculating the compressions for the sharpest focus accomplish the azimuth focusing. The 
Doppler frequency shift produced by a range resolved scatterer is proportional to the 


angular rotation rate © and the cross-range distance between the scatterer and the center 


of target rotation [Ref. 1]. 
B. RANGE COMPRESSION PROCESS 


High range resolution ISAR uses an analog-frequency coding technique called 
chirp. A chirp pulse waveform is shown in Figure 3. The transmitted chirp can be 


expressed as a complex narrowband signal 


S,(t)= alte?” = eo kri (2.1) 
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where f. is the carrier frequency, A is the linear frequency sweep or bandwidth of the 
transmitted signal, K is the slope or chirp rate (K = A/T), T is the pulse width and the 


instantaneous frequency (time-dependent frequency) is obtained as: 


f()- 


1 d® 
Da di = f- + Kt (2.3) 
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Figure 3. Chirp Pulse Waveform 


Within the pulse duration T, the instantaneous frequency changes from f.—KT/2 to 
f-+KT/2. The dispersion D or time-bandwidth product of the waveform is D = TA 


[Ref. 1]. 


1. Analog Range Compression Network Example 
The chirp pulse waveform can be compressed using an analog pulse compression 


network as shown in Figure 4. 
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Figure 4. Chirp Pulse Compressed using Analog Pulse Compression Network 


This common form of a pulse compression network is called a phase equalizer and 
equalizes the slope of the linear frequency sweep. The transfer function of the pulse 
compression network can be written as: 


H(f)= e PIKU -SIY (2.4) 


The corresponding impulse response can be expressed as: 


oo 


n= [He af (2.5) 


«00 


Or 


h(t)= a (2.6) 


The complex matched filter output is obtained by convolving the chirp signal with the 


impulse response as: 
Set At ës ND sinless) T (2.7) 


The compressed pulse duration of the envelope at the 2/1 points is Te = 1/A (Raleigh 


resolution). The corresponding range resolution is then: 
dr = — (2.8) 


Note the wider the bandwidth of the ISAR chirp signal transmitted, the smaller the range- 
bin size. 

2. Digital Range Compression 

If the pulse compression is performed digitally on the baseband return samples, it 
is possible to control the matched filter transfer function adaptively. The range resolution 
is determined by the ADC sampling rate. The convolution can be carried out in the 
frequency domain using the advantages of the fast Fourier transform (FFT) as: 

So(f)= Fise) at) = S(f)H(f) (2.9) 
and is the time domain convolution carried out by multiplication in the frequency domain 
where S(f) is the spectrum of the returns from one transmitted pulse and Z(f) is the 
transfer function (reference function) of the pulse compression, filter which is stored as a 
series of complex pairs (constant for a particular chirp waveform). The range 


compression signal processing is shown in Figure 5. 
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h(n)= Zem 


Figure 5. ISAR Range Compression Signal 


The number of samples required for both S(n) and h(n) to avoid a circular convolution is 


Jus 2(R, Es R,) 
N >———_-- 1 (2.10) 
At 
where R2 and R; are the edges of the range window to be processed and At = 1/f; is the 
ADC sampling period. Zeroes must be added to the signal and to the 7/Ar samples of the 
impulse response (common period of length N). Also note that N = 2° (where a is an 


integer) due to the constraint on the FFT algorithm. The unambiguous range extent of the 


ISAR is 


R = oe (2.11) 
2^ 2f. 


and depends on the bandwidth of the chirp signal. A two-dimensional high-resolution 
j 
spectral analysis algorithm based on 2-D linear prediction using autoregressive estimation 


for ISAR has been presented in [Ref. 2]. This approach is superior to the FFI method 


mentioned above. 
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C. AZIMUTH COMPRESSION PROCESS 


If the target rotates at a rate of œ rad/s towards the radar, a scatterer at a cross 
range distance a has an instantaneous velocity wa toward the radar with a corresponding 
Doppler frequency shift: 


2wa 
Ja = mu (2.12) 


Considering two scatterers in the same slant range cell separated by da then: 





2wd 
df, == (2.13) 
A 
resulting in a cross-range resolution of: 
da = Eer (2.14) 
2. 


The Doppler resolution is related to the inverse synthetic integration (frame) time 


df, = - giving a cross-range resolution of (see Figure 6): 


da = = — (2.15) 


A cross-range profile exists for each range-bin. Samples that are integrated to form a 
cross-range profile come from the same range-bin separated by a pulse repetition interval 


(PRI) as shown in Figure 6. 
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Figure 6. ISAR Azimuth Compression Processing 


The unambiguous cross-range extent corresponds to the target size in the cross-range 


The required PRF for unambiguous sampling a target of cross-range extent A, Is 


PRF - 29. 


> (2.16) 


and the number of range samples needed is 








p 40) 
À 
The cross-range extent 1s 
n,A 
=n da = 2.18 
A, = nda Dy (2.18) 


A summary of the ISAR compression process is shown in Figure 7. 
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Figure 7. Summary of ISAR Compression Processing 
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III. THE DIGITAL IMAGE SYNTHESIZER CONCEPT 


A. SCATTERING PHYSICS OF A TARGET 


An object will modify any signal reflected from it according to the object’s shape, 
surface material properties, and the object’s velocity relative to the signal. This permits 
an enemy sensor to identify the nature of such objects, which, if the objects are military 
platforms like warships or aircraft, is not desirable. One solution is to artificially 
synthesize false characteristic echo signatures by responding to an interrogating signal. 
Figure è shows a ship and an aircraft, in the line of sight of an interrogating radar signal. 
As the signal hits the aircraft and the ship, it is reflected from their major scattering 
surfaces. The return signal from the ship and the aircraft will be the superposition of the 
reflections from the various surfaces such as the hull, superstructure, the aircraft wings 


and nose. 


Interrogating 


Radar Signal 





Figure 8. A Ship and an Aircraft in the Line of Sight of an Interrogating Radar Signal 


The reflections of these surfaces are at different places along the radar’s line of sight. 
These superimposed reflections will be out of phase with one another, owing to the 
varying times of signal propagation to each reflecting surface. 

This tends to lengthen the return radar pulse by an amount equal to the round trip 
propagation time of the radar signal between the nearest and farthest major reflector and 
to make the reflection magnitude vary as dictated by the varying radar cross sections of 
the reflecting surfaces. Furthermore, movements of the aircraft or ship relative to the 
radar signal will Doppler shift the returned reflections. That is, any platform that reflects 
the radar signal will frequency-modulate the signal, so the returned reflections permit the 
radar to calculate the nature and motion of the platform. 

The most common way to detect a Doppler spectrum in the return signal is to 
compare the reflections from consecutive pulses. Thus, an imaging sensor, such as a 
search radar, SAR, or ISAR can calculate the Doppler by comparing consecutive return 
pulses on a range-bin by range-bin basis. The Doppler spectrum is conventionally 


computed using an algorithm that incorporates the discrete Fourier Transform. 


B. ANALOG IMAGE SYNTHESIS 


Any credible counter-targeting repeater decoy must synthesize the temporal 
lengthening and amplitude modulation caused by the many recessed and reflective 
surfaces, and must generate a realistic Doppler shift for each surface. Conventionally this 
has been done using analog systems that receive an interrogating signal and pass it 
through a length of cable having serial taps along its length, one tap per range-bin. Each 


tap modulates the signal in amplitude and/or frequency to synthesize the reflection from 
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the reflective surfaces within that range-bin. The delay time between taps is selected to 
correspond to the differing times of flight of the radar pulse to the respective range-bins. 
Finally, the signals from the taps are summed, and the synthesized signal is retransmitted. 
In this manner, the system returns what appears to be an echo from an object located 
within the selected range-bins having a signature indicative of the moving ship or aircraft 
object to being synthesized. 

Unfortunately, analog systems have drawbacks that limit their usefulness as 
image synthesizers. They are inherently noisy and can hold an incoming signal only a 
short time for processing before the signal deteriorates below the noise. This limits the 
system bandwidth and permits effective synthesis of only small objects. Further, analog 
systems are costly and very bulky, the latter being a particular concern for military 
platforms, where space is extremely limited. Finally, analog systems cannot readily 
change operating parameters, such as relative delays among taps, or the amount of 
modulation in the various taps. This means that analog image synthesizers cannot switch 
among different simulated objects on the fly, but rather must typically be fabricated for 


one specific type of target. 


C. DIGITAL IMAGE SYNTHESIS 


The main advantage of the all-digital image synthesizer repeater is the increase in 
bandwidth provided to the tapped delay line processors of the kind above described. In 
addition, the capability to hold the received signals as long as necessary for a given 


application is provided. Due to the all-digital architecture, modulation of the target extent 
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(number of range-bins) and Doppler frequency of each resolution cell is also a capability. 
This results in a small, low-cost and flexible counter-targeting repeater decoy processor. 

The digital image synthesizer uses a DRFM and an associated digital-processing 
circuit having a plurality of tapped delay lines, a summer in order to sum the output of the 
delay lines, and range-bin signal modulator in each of the delay lines. A DRFM is a 
semiconductor device that can rapidly and permanently record radio frequency 
information as digitized samples of the incoming signal, and read it back equally rapidly 
when needed. Because the DRFM can hold data indefinitely, the duration of the 
synthesized signal is not limited, as with analog systems, thus permitting (as in the 
example of Figure 8) simulation of larger objects by adding more taps to accommodate 
more range-bins. Because the associated circuitry is digital, and most especially because 
the circuitry can be dedicated to its processing task (rather than requiring extensive 
programming to perform its tasks), the speed of the synthesizer can be especially great. 

In an optimum hardware configuration, the associated digital image synthesizer 
circuitry is made a part of the DRFM on the same monolithic chip in order to increase the 
synthesizer speed even more. This is in contrast to a computer, or programmable 
processor, which, in conjunction with a fast and permanent memory like a DRFM, could 
in principle do the necessary processing. But the time needed to execute the large number 
of programming instructions necessary to process data makes this far less desirable than 
the current design described in this report, and, for the specific problem of counter- 


targeting decoy repeaters, largely ineffective. 


D. FUNCTIONAL DESCRIPTION OF THE DIGITAL IMAGE 


SYNTHESIZER 


Figure 9 shows a block diagram of the digital image synthesizer [Ref. 3]. The 
antenna receives the radar pulse from a (possibly hostile) search radar. After the down 
conversion (not shown), a set of comparators digitizes the phase of the analog signal 
producing a stream of digital samples, which are stored in the DRFM. The phase samples 
are a digital representation of the phase only. Phase sampling DRFMs have fewer 
comparators and permit coherent reconstruction of the original signal using stored 
amplitude information [Ref. 4]. The digitized samples are read serially from the DRFM 


via the tapped delay line. 


Data (signabphase) 


HO 
== 


Data (gain 4 phase) 





Figure 9. Block Diagram of the Digital Image Synthesizer (DIS) (From Ref. [3]) 
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The circuit of Figure 9 shows two taps, but this is illustrative, and in principle the 
device contains the largest number of taps that the particular application dictates (the 
number of major reflective surfaces of the synthesized target). The digital-phase samples 
from the DRFM are sequentially read into the taps by clocking. The signals in the 
respective taps are delayed with respect to one another by pre-selected amounts dictated 
by the delays. For simplicity, the following discussion references the first tap leg only. 
However, the function of each leg is identical. The phase signals in the tap pass through a 
phase accumulator and an associated look-up-table (contains sine and cosine values for a 
2m cycle used in constructing the I & Q components). Although the tap process could 
readily calculate cos (65) and sin ($05), doing so is less computationally efficient than use 
of a look-up-table, and thus would reduce the overall system speed. At the output of the 
look-up-table, a selectable gain multiplies the signal by a pre-selected amount. Together, 
these blocks constitute a range-bin signal modulator. 

The accumulator frequency modulates the signal, traversing the tap leg by phase- 
rotation (serrodyne modulation). The phase @ of any signal subjected to a linear 
frequency modulation, such as a Doppler shift is given by @ = (@+@)t, where © is signal 
angular frequency, ay is the change in frequency due to the modulation, and : is time. 
Thus at each point in time the difference in phase between the modulated and 
unmodulated signal is at. For a digitally-sampled signal, the phase of the nth sample @, 
= n(@+@u)PRI, where n is an integer counter and PRI is the period at which the signal is 
sampled. The phase difference due to the Doppler frequency is n®gPRI. Thus one can 


shift the frequency of a digitally-sampled signal by an amount 0 by rotating each nth 
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phase sample by n@yPRI. That is, the frequency of a digitally-sampled signal can be 
shifted by incrementing the phase n@PRI of each nth sample by nayPRI. 

In summary, the Doppler of a target is typically inferred by sampling target- 
echoes (within a single range-bin) at the pulse repetition rate and inspecting these 
samples for Doppler-induced phase differences between the echoes. One can simulate a 
Doppler shift of ay by repeating the pulses from a sensor, with each pulse phase shifted 
with respect to the next by an amount @,PRI, where PRI is the pulse repetition interval. A 
unique property of the DIS is its ability to synthesize false targets using chirp signals of 
any duration. The number of tap stages is equal to the target range-extent desired for 
synthesis. 

In operation, the phase accumulator sets nominal values of @& and a,’ per 
instructions from the DRFM controller. A sensor sends a burst of N pulses having a pulse 
repetition period of PRI. The phase samples from the first pulse (stored in the DRFM) are 
piped to the first tap leg and the accumulator rotates the phase of each sample by an 
amount WgPRI. The resultant phase samples are converted to 7 and Q components and 
scaled by a gain factor A;. In the absence of output from the second tap leg shown, the 
complex signal is returned to the DRFM, and thereafter to the digital-to-analog converter 
that reconstructs the analog pulse for up-conversion and retransmission. 

The waveform of the retransmitted pulse is identical to that of the received pulse, 
except that it is a phase rotated by @PRI. After processing this pulse, the DRFM changes 
the phase of the first tap accumulator to 2@,PRI, rotates each phase sample of the second 
pulse by 2@yPRI, and, again assuming no output from the second tap, retransmits the 


reconstructed pulse. This continues through the N pulses of the burst, with the phase 
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samples of each pulse rotated by an amount nw,PRI, where n is pulse number, i.e., n = 1, 
2, ..., N. In the absence of output from the second tap, the result is a stream of analog 
pulses from the antenna that are different in phase from one pulse to the next by WgPRI. A 
sensor detecting these echoes would interpret the constant pulse-to-pulse phase shift of 
(PRI as a Doppler shift from a single reflector. The second tap accomplishes the same 
task by use of a different (04. The summer then combines the output of the first and 
second taps. The complex signal that the summer returns to the DRFM is the 
superposition of the signals exiting the first and second tap legs. This means that for each 
n^ pulse of the N pulses, the summer’s output will be the superposition of two copies of 
the n? pulse, delayed with respect to one another by the tap delay, scaled differently by 
the gains A;, with one phase rotated by noPRI, the other by noY4PRI. A sensor, which 
receives the corresponding N analog pulses, will interpret this as having come from two 
reflectors located in range-bins separated by the delay with reflective cross sections 
respectively proportional to the two gains. Because the pulse-to-pulse phase difference 
between these pulses is WyPRI for the range-bin corresponding to the first delay and 
waPRI for the bin corresponding to the second delay, the sensor will interpret that the 
reflectors in these two range-bins have Doppler frequencies of wy and Wz, respectively. 
The decoder and latch shown in Figure 9 updates the phase-rotation and gain- 
coefficients for the tap legs. The controller is a process computer interfaced with the 
DRFM that permits an operator to change these parameters on the fly in real time. In 
addition to the phase and gain-coefficients, the number of taps utilized (target extent) can 
be changed. Alternatively, the controller can do this automatically. This is particularly 


important if @ in any tap leg varies with time. In the example of Figure 8, the aircraft 
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flies directly at the sensor at a constant speed and Doppler shifts the signal by a constant, 
positive, amount. The ship, on the other hand, could be rocking back and forth in the 
water along the line of sight and thus the Doppler shift corresponding to this motion 


would oscillate in time. 
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IV. ARCHITECTURE VARIATIONS AND SIMULATION 


A. ARCHITECTURE VARIATIONS 


Two different implementations of the DIS architecture have been studied. The 
major difference between the two implementations is the placement of the time-delay 
processor. Advantages and disadvantages of the two approaches are addressed in this 
Chapter and are mainly the result of the hardware technologies used. The two different 
implementations are referred to as the “original architecture” and the “modified 
architecture.” 

The “original architecture” described in Chapter III is illustrated in the block 
diagram shown in Figure 10. The intercepted chirp signal within the DRFM operating 
bandwidth is down converted into its 7, Q components with a corresponding intermediate 
frequency that lies within the instantaneous bandwidth of the phase-sampling DRFM 
comparator technology. The phase-sampling DRFM digitizes the phase of the IO 
components with the sampling period (time between phase samples) corresponding to the 
range resolution of the DRFM. The DRFM-phase data is fed serially into the tapped 
delay processor with each delay corresponding to the range resolution of the image 
synthesizer. The phase data at each tap is processed in a pipelined range-bin signal 
processor in order to generate the selected scattering mechanism. As previously 


discussed, this is done by continuously rotating the phase nA@ = n@, PRI , translating the 


phase into a complex signal I,Q that is amplitude modulated using A;. When the complex 


I,Q data exits each tap, it is summed with available data from all the other tap processors 


Z5 


each clock cycle. The digital sum at each clock cycle is then converted to an analog 


signal for up conversion onto the carrier for retransmission. 
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Figure 10. Block Diagram of the Original DIS Architecture 


In order to show the equivalence of both architecture variations, we show the 
details of the original architecture for the in-phase processing in Figure 11 where E 1s the 


image extent, Ag; is the phase-increment value for the i tap processor, and Aj is the 


amplitude modulation. The input phase is ó(n) and the output is: 


I(n)= Y A cos(p(n —i)+ AG, ). (4.1) 
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Figure 11. Original DIS Architecture for In-Phase Processing 





The “modified architecture” was developed while investigating a move from 
field-programmable gate-array (FPGA) technology (Altera’s Max+Plus II) to an 
application-specific integrated-circuit (ASIC). A block diagram of the modified 
architecture is illustrated in Figure 12. The modified algorithm enables loading all tap 
processors synchronously with the DRFM-phase data. The DRFM-phase data is 
processed in parallel in all tap processors in a pipelined fashion. The results from the taps 
are then added together by partial sums (serial summation) from one tap to another. The 
major difference between the original architecture and the modified architecture is that 
the time delay processor is embedded within the summation at the output. For both of the 
approaches described above, it is essential that the individual taps be sequentially enabled 
during the start-up or initial strobing of the phase data from DRFM into the tapped delay 
line. The taps must also be sequentially disabled during shutdown as the phase data 
leaves the DIS. This avoids the problem of erroneous data from entering into the 
summation during start-up and shutdown. More details concerning the change of 


technology is addressed in Chapter VII. 
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Figure 12. Block Diagram of the Modified DIS Architecture 


The details for the modified DIS are shown in Figure 13. 





Figure 13. Modified DIS Architecture for In-Phase Processing 


Proving the correctness of the modified algorithm relative to the original gives the 
following expressions: 
1, (n)= Ay cos(o(n)+ Ag, )+ D'[A, cos(p(1)+ 46, )]+---+.D” la, cos(o(1)+ 49, )] (4.2) 
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where D is a delay operator. Rewriting /4(7) gives: 
m (n)= Ao cos(o(n)+ Ad, )+ Á, cos(¢(n z 1)+ Ad, )- FEAR cos(¢(n = N)+ Ad, ) (4.3) 


OT 
I, (n)7 3, A, cos(9(n — i) ^0,) (4.4) 


which is exactly (4.1). 
B. SIMULATION OVERVIEW 


To evaluate the performance of the architecture and to compare the results of the 
hardware implementation, we constructed a Matlab simulation of both the DIS and an 
ISAR as shown in Figure 14. Some of the essential features of an ISAR are simulated 
including the wideband chirp pulse waveform that is intercepted by the DIS. The 
DRFEM/DIS is also simulated. The complex outputs from the DRFM/DIS are presented to 
the ISAR signal processing for image generation. Matlab has also been used in several 
intermediate steps to compare simulation results with actual and simulated hardware 


design results. 
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Figure 14. ISAR-DIS Simulation Configuration 
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Matlab is a product from the MathWorks, Inc., and it is an integrated-technical 
computing environment that combines numeric computation, advanced graphics and 
visualization, and a high-level programming language [Ref. 5]. Matlab includes several 
useful functions for: 

e Data analysis and visualization 

e Numeric and symbolic computation 

e Engineering and scientific graphics 

e Modeling, simulation, and prototyping 

e Programming, application development, and graphical user interface (GUI) 

design. 

Matlab can be used in a variety of application areas including signal and image 
processing, control system design, financial engineering, and medical research. It features 
a family of application-specific toolboxes, containing comprehensive collections of 
functions for solving particular classes of problems in areas, such as signal processing, 
image processing, control system design, neural networks, and more. The current version 
of Matlab used in this project is version 5.3. 

In FY98, Siew-Yam Yeo developed the original set of codes during his thesis 
work at the Naval Postgraduate School [Ref. 6]. This set of codes has been modified to 
better serve the purpose of further development in the project. For example, the 
“original” code has been modified to deal with more then three taped delay lines. This set 
of codes all end with a “...vl.m’” extension. Parallel to the development of the ASIC 
hardware design (modified DIS architecture), simulations were developed to emulate the 


new design. The new codes are used to verify that the newly-modified architecture is 
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giving the correct results. This set of codes all end with a “...v2.m” extension. Two 
additional set of codes has been developed to deal with multiple scatterer per range-bin. 
Version 3 (“...v3.m’) varies phase modulation coefficients between radar pulses. Version 


4 (*...v4.m") varies both phase and gain modulation coefficients. 
C. SIMULATION DETAILS 


The different steps of the simulation are easily identified by using numerous 
comments within the set of simulation codes (m-files). A description of the steps, 
together with some intermediate results is given Econ in order to visualize the 
development process. The flowchart shown in Figure 15 together with Table 1 
summarizes the different Matlab files used during the simulation. Important text files are 


also listed. 
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Figure 15. Matlab Simulation Flowchart 
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Rema 


runDISvX.m VE To execute the simulation 


mm o — | To get user inputs of the false target to be generated 


— sigparl.dat {Signal parameters of the false target to be generated 
extract_para_X.m| | Extracts parameters for multiple scatterer per range-bin 


mathostvX.m Simulates the ISAR transmitted pulse 
CE Simulates the DRFM at the DIS location 
para.txt Number of range-bins of the ISAR 
Phase values representing an increasing/decreasing 
Doppler shift 
[eem ëtt 00000 
simwchkvXm | —— Simulates the DIS algorithm 


| [eemext oc Cosine look-up table, 32 values for one period 
| [sme Sine look-up table, 32 values for one period 


dec2two.m Matlab function that converts decimal number to 
0 two's complement binary representation 

two2dec.m Matlab function that converts two's complement binary 
— m representation to decimal number 


SS Intermediate results through the DIS algorithm 
Hardware/hardware simulation results (I-channel) 


Hardware/hardware simulation results (Q-channel) 


= y 


Table 1. Files Used during the Matlab Simulation 









Number radar pulses to be processed (integrated) 






Target extent 






Amplitude settings for each cell 










Pulse compresses the radar return of the false target 








generated by the DIS hardware 






Plots the final results for comparison 
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A selection of the m-files mentioned in the table above, and some other important 
m-files used in this thesis (referred to in later chapters), together with the cosine.txt and 
the sine.txt files are attached in Appendix A. 

1. User Input 

To run the simulation, the user executes the runDISvl.m or the runDISv2.m file 
depending on whether the original or the modified architecture is desired (afterward the 
files are referred to as “...vX.m”). The runDISvX program is a script file to execute other 
script files in a pre-defined order. The user is presented with a graphical user interface 
(GUI) of a Range/Doppler map-the Range-Doppler-Amplitude Map Entry Program 
guivX.m is shown in Figure 16 (runDISvX.m executes guivX.m). 
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Figure 16. The Range-Doppler- Amplitude Map Entry Program 


In this example the user has specified the following data to generate the false 
target using the DIS shown in Table 2. 


Target Range Doppler Amplitude {Doppler Remark 

e e pw [o me [Uo 
rq [m p o p o [mure 
p p P p p fee 


Table 2. User Specified Inputs of the False Target 











The values, called signal parameters of the false target, are written to an 
intermediate file that is called sigparl.dat. Examining the sigparl.dat file for this case 
will give the values shown in Table 3. The file only holds the numerical values. The 


header of the table has been applied later to explain what the different values relate to. 


Table 3. Contents of the File sigparl.dat 









2. Defining the Radar Parameters 

The next file to be executed by the runDISvX.m file is mathostvX.m. The 
mathostvX.m file represents both the ISAR while generating the transmitted chirp pulse 
and the DRFM on the platform where the DIS is located. The radar specific parameters of 
the ISAR are coded into this program. In this case the radar parameters used is shown in 


Table 4. 
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Matlab Equivalent Variable 













Compressed pulse width, Te pwc pwc 


Pulse repetition frequency, PRF 
Pulse repetition interval, PRI 
Se] RA 


Table 4. Defined Radar Parameters (file mathostvX.m) 















3. Creation of the Intercepted Radar Signal 
The signal parameters specified by using the GUI used to create the baseband 


complex signal represented by 
SA) el Zkchorzg (4.5) 


where fa is the Doppler frequency of the DIS platform intercepting the chirp signal. Note 
that this expression is similar to (2.1) where the parameter K is the chirp slope-rate and T 
is the pulsewidth. The Doppler frequency fg must be taken into consideration when 
building the received chirp waveform in the DIS simulation. An approximation is used 
that assumes a constant phase change due to Doppler within a chirp pulse. This 
assumption is valid since the Doppler shift is only tens of hertz compared to the MHz 
chirp bandwidth. The wideband intercepted signal is then phase sampled and the phase is 
quantized into 5-bits or 32 different values, representing a phase between O and 27 


radians. The values used are 0 to 31 as a decimal representation of a 5-bit binary word 
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OE 32). The DRFM-phase data is written to a text file (rawint.txt) that is read by 
simhwchkvX.m. An example of the DRFM-phase data matrix contained in the rawint.txt 
file is shown in Table 5. The file only holds the numerical values. The rows of the matrix 
represent radar pulses. The columns represent DRFM-phase data samples from a specific 
radar pulse at specific sampling times. The variable names used in Matlab are also 
shown. 


Radar Pulse | DRFM-phase Data (intraPulseCnt) 
(batchCnt) 1 2 13 14 |5 6 |7 18 [9 |10 


o ER E 
5555293] 8 
ss 0909 70 
— pee pe pep o ws po] |- 1 
TETTO 
eB BEET 


Table 5. Contents of the File rawint.txt 

















The impulse-response waveform used in the ISAR range-compression algorithm 
is also computed when executing this file. The amplitude and Doppler frequency-shift 
values for each range-Doppler cell are also obtained from the GUI and represent the gain- 
and phase-rotation values required for the DIS. 

A number of different values are written to another text file (para.txt). The values 
are used for simulating the DIS both in Matlab and in the hardware design. The file only 
holds the numerical values. These values represent the following information (also 
exemplified in Table 6): number of range-bins of the ISAR, number radar pulses the 
ISAR is using for processing (integrating) received radar return signals, target extent 


(number of target cells/taps used), amplitude settings for each cell translated into a gain 
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value of 1, 2, 4 or 8, and set of phase values representing an increasing/decreasing 


Doppler shift due to the motion of the target cell relative to the ISAR 


cone 


nRangeCell Number of Range Cells (range-bins of the ISAR) 
nDopplerCell Number of Doppler Cells (Doppler-bins of the ISAR) 
targetExtent Target Extent 

gain(1) Gain modulation coefficient, target cell 1 

gain(2) Gain modulation coefficient, target cell 2 

gain(3) Gain modulation coefficient, target cell 3 

phi(1,batchCnt) | Doppler modulation coefficient, target cell 1, 1‘ radar pulse 
phi(2,batchCnt) | Doppler modulation coefficient, target cell 2, 1* radar pulse 
phi(3,batchCnt) | Doppler modulation coefficient, target cell 3, 1 radar pulse 


phi(3,batchCnt) | Doppler modulation coefficient, target cell 1, 3" radar pulse 
phi(3,batchCnt) | Doppler modulation coefficient, target cell 2, 3 radar pulse 
phi(3,batchCnt) | Doppler modulation coefficient, target cell 3, 3% radar pulse 


phi(1,batchCnt) | Doppler modulation coefficient, target cell 1, 64" radar pulse 


phi(2,batchCnt) | Doppler modulation coefficient, target cell 2, 64 radar pulse 


phi(3,batchCnt) | Doppler modulation coefficient, target cell 3, 64" radar pulse 





Table 6. Contents of the File para.txt 


Remark: For Version 4 — Gain modulation coefficients are gain(tap,batchCnt). That is, 
the gain modulation coeffiecients are individual for each tapline (tap) and radar pulse 
(batchCnt). 

The range-Doppler image from the ISAR signal-processing simulation is plotted 
in Figure 17 to visualize the effect of the amplitude and the Doppler frequency-shift 


values shown in Figure 16. 
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Figure 17. ISAR Range-Doppler Image with (a) No Amplitude or Doppler Frequency 


Shift and (b) Amplitude and Doppler Frequency Shift as Shown in Table 2. 


Figure 17 (a) represents the ISAR range-Doppler image but contains no amplitude 
or Doppler frequency shift. Figure 17 (b) shows the ISAR range-Doppler image with 


amplitude and Doppler frequency shift as shown in Table 2. 


4. Simulation of the DIS (Original and Modified Architecture) 

To simulate the DIS algorithm, the runDISvX program executes the 
simhwchkvX.m file, which starts by reading in the values from para.txt. The number of 
Doppler cells within the range-Doppler map is used as an index for an outer for-loop in 


the program for processing phase data from one radar pulse to the next. The number of 
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range-bins within the range-Doppler map is used as an index for an inner (nested) for- 
loop and represents the number of clock pulses it takes to process the DRFM-phase data 
from one radar pulse to the next. The target extent represents the number of taps in the 
tap delay line. A target cell is also referred to as a tap in the DIS algorithm. The number 
of target cells specified in the GUI is therefore equivalent to the number of taps used to 
create a false target. The gain value selected for each tap along with the corresponding 
Doppler frequency shift are recorded and relate to the synthesized motion of each target 
cell. 

Next the DRFM-phase data from the rawint.txt file is read. The program also 
loads data from cosine.txt and sine.txt. These files hold data used as the look-up table 
(LUT) and contain one period of a cosine waveform and a sine waveform (32 values) as 


shown in Figure 18. 





Figure 18. Cosine and Sine Look-Up Table (LUT) 


Recall that the LUT translates the input phase (from the phase accumulator) into a 
complex signal. Using the for-loops, the DIS algorithm modulates the phase data to 


compute the signal that represents the return signal corresponding to the desired false 
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target. The orginal and the modified architecture calculate the modulation and perform 
the computation in different ways as described earlier. 

In the orginal DIS architecture the DRFM-phase data propagates serially from 
tap to tap during one clock-pulse time delay. The phase data at each tap is then modulated 
and the results from all taps are summed together to form the output. In the modified DIS 
architecture, the DRFM-phase data is presented to all the taps synchronously. The phase 
data in this case, is processed in parallel in all taps. The delay is implemented during 
summation of the results from each tap. The individual taps are enabled during the start- 
up and disabled during shutdown according to the reasons described earlier. 

In the Matlab simulation several sets of DRFM-phase data representing samples 
from a number of radar pulses are processed directly one after another. In an actual 
implementation, the set of DRFM-phase data will of course be separated in time by one 
PRI. 

S. Range and Azimuth Compression 

At the receiver side of the ISAR, as part of the signal processing, the radar return 
signals containing the generated false target are compressed both in range and azimuth. 

First range compression is done. Range compression is based on correlating the 
received signal, S(n) with a pre-stored reference waveform (also refer back to Chapter II, 


Digital range compression and (2.6)): 


— , 
h(n) = [eor SEN (4.6) 


The FFT is performed on the received signal. The resulting spectrum is multiplied by the 


complex conjugate of the FFI of the reference waveform (4.6) created in the 
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mathostvX.m file. The procedure is shown in Figure 19. An inverse FFT (IFFT) is then 


performed to obtain the range-bin profiles for each PRI. 


S(n) Complex 
Range 


Profile 
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Figure 19. Range Compression 


For the azimuth compression for a single range-bin, the complex range samples 
are taken from 2" pulses and integrated into an FFT (also refer back to Chapter II, 
Azimuth compression process). The magnitude of the FFT output is the Doppler profile 


for that particular range-bin as shown in Figure 20. 
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Figure 20. Azimuth Compression 


The received signal after compression can be visualized as a contour plot as 
shown in Figure 21 and is referred to in the second sub-plot below as the Matlab 


Simulation plot (Amplitude and Doppler Modulated Range-Doppler Map). 
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a. Unmodulated Rd-Dp Map 
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Figure 21. ISAR Range-Doppler Images Showing (a) the Unmodulated DIS Output 


and (b) the Modulated DIS Output (Matlab Simulation) 


6. Plot and Compare Results 

The last file to be executed by the runDISvX program is the plothwvX.m. This 
file obtains the I- and Q-values of the hardware simulation from the imagei.txt and the 
imageq.txt file (written by Altera/Visual Basic FPGA hardware program). Range and 
azimuth pulse compression is performed using the same procedure as described for the 
Matlab simulation results. The results are plotted for comparison. The DIS simulation 
results are shown in the first sub-plot of Figure 22. In the second sub-plot, the hardware 


or hardware simulation result are shown when data is available. A full comparison is 
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shown in the following chapters when the different hardware implementation techniques 
are described. 


a. Amplitude and Doppler Modulated Rd-Dp tap (MATLAB Simulation Result} 
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Figure 22. Matlab DIS Simulation vs. Hardware Result 


To better visualize the image created by the DIS (the generated false target seen 
by the ISAR), Matlab uses the same data as before to construct a 3-D mesh surface plot, 
as shown in Figure 23. The first sub-plot shows the result of the Matlab DIS simulation. 
The second sub-plot shows the hardware (or hardware simulation) result. Finally, the 


third sub-plot shows the difference between the Matlab simulation and the hardware 


results. 


3. mpltude/Doppier Modulated E SE Ka Simulation Result) 


ee 

“ss © ee Ue Om 

was sae ee pn i OS 
ree OS SC SN 
A OOO TCO Oe 
A MA HH A AAN 
A EER AA MAA 
EEE A. A. RC i IA 
PRE E A A T n 
. . 
bro 
wen 1 

See 





10600 
EEM 1.07 — _ eee 
D eem SE el 
80 
| 150 200 
20 | 

it en m OP 0 50 Down Range Cells 
Ei CES Modulated poe Map (HAR Dw ARE Recut) 


1 


0.5 





0 0.1 0.2 0.3 0.4 Do 0.6 0.7 0.9 0.9 1 


C. Difference 

1 ARAN ER IR E OEE EEEE wee ws wb ‘ee dr ve ento 9 à » cac 7 9 9 t ow a Tp" x VY « 6 . v 9 ^ 9 9 d o 
mm : ; : 
S S : i . g E E 
a Difference : 
c 0.5 . . a 
E (Matlab Simulation Result — Hardware Result) 
à 
2 
Q 





0 0.1 DE 0.3 0.4 0.5 0.6 D.? 0.8 0.9 1 
Down Range Cells 





Figure 23. Matlab Simulation Result vs. Hardware Result and the Difference 


To better study the results from the DIS simulation, the ISAR image of the false 
target is exposed, as shown in Figure 24. The user defined target cells, after DIS 
modulation and ISAR signal processing (range and azimuth compression) stand out 


clearly from the background in the plot 


-= 


a. Amplitude/Doppler Modulated Rd-Dp btp (MATLAB Simulation Result) 
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Figure 24. .Matlab Simulation Result (3-D Mesh Surface Plot) 


7. Original and Modified DIS Comparison 

To ensure that both the original and modified algorithms produce the same result, 
a series of comparisons for different test cases were conducted. The example below 
shows the ISAR output when using the different algorithms. It also shows the ability to 
modulate the extent of the false target using a large number of taps. In the test case below 
32 taps are used. Figure 25 shows the input target entry. Table 7 shows the amplitude and 


Doppler offset values selected for the 32 range-bin false target to be synthesized. 
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Figure 25. The Range-Doppler-Amplitude Map Entry Program 
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Table 7. Amplitude and Doppler Offsets Selected for 32 Range-Bin False Target 


As observed in Figure 26 and Figure 27, the two different algorithms perform the 


same result, which also has been proven in the previous chapter. 
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a. MATLAB Simulation - Original DIS Agonthm 
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Figure 26. Original vs. Modified DIS Algorithm Simulation Results 
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Figure 27. Original vs. Modified DIS Algorithm Simulation Results and the Difference 
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8. Multiple Scatterer Per Range-Bin 

Up to this point, we have only considered one single scatterer per range-bin. The 
DIS mustbe able to deal with one more dimension. A true target will generate several 
radar returns from many different scatterers within the size of one single range-bin of the 
ISAR. The radar return in one range-bin can be treated as a sum of the individual 
scatterers radar-return signals due to superposition. The different scatterers will modulate 
the incident radar signal with a different gain and a different Doppler depending on 
factors such as shape, size, material, angle and relative motion. 

Finding the corresponding amplitude values (gain modulation) and phase values 
(phase modulation) at a certain time interval and using these values to modulate the 
DRFM-phase samples in the DIS would then represent a combined radar-return signal for 
one entire range-bin. For this, the DIS must be able to process variable gain and phase 
modulation coefficients between radar pulses. This will also be addressed in further detail 
in later chapters where different hardware implementation techniques are discussed. The 
latest developed Matlab codes (version 3 and 4) can deal with this complex situation. The 
parameters (gain and phase modulation coefficients) must first be determined for the 
shape and motion of the false target to be generated. This has been done manually by 
mapping out the shape and specifying Doppler frequencies to each scatterer. 

To illustrate the procedure, consider a simple “V” shape of a small set of 
scatterers. Each individual scatterer can be plotted in a range-Doppler map, where the 
different range-bins are on the x-axis, and the different Doppler-bins are on the y-axis. 
For this example, nine different scatterers were used, all with the same gain. The 


scatterers were assigned different initial Doppler frequencies representing differences in 
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relative motion to the ISAR. Some of the scatterers were also located in the same range- 
bin. Figure 28 shows to the left a sketch of the initial setup of the shape of the false target 
to be generated by the DIS. In the 1* range-bin there is only one scatterer located with 
zero Doppler (no relative motion to the ISAR). In the 2™ to the 4" range-bins, there are 
two scatterers per range-bin, each with different Doppler (negative or positive). Finally, 
for the 5" and the 6" range-bins, there are again only one scatterer per range-bin. The 
individual Doppler frequencies were specified in (a Matlab script file 
(extract, para VcaseX.m) and running the file produced a set of gain- and phase- 
modulation coefficients that were then used as inputs to the DIS. The Matlab simulation 


result can be seen to the right in Figure 28 below 
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Figure 28. DIS V-Case: Setup and Simulation Result 


The simulation results represent the modulated ISAR-return signals using 64 radar 
pulses, received by the ISAR and after performing range and azimuth pulse compression. 


The individual scatterers can clearly be identified (the bright spots) in the simulated 
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ISAR image of the false target. The following section presents simulation results of a 


more realistic false target, consisting of several scatterers per range-bins. 


D. SIMULATION RESULTS 


To verify correctness of the concept of the DIS algorithm, a set of larger scale 
simulations has also been conducted. The goal was to be able to produce a realistic ISAR 
image of a target, similar to a real ISAR image. 

The ISAR Section of the Radar Analysis Branch at the Naval Research 
Laboratory (NRL) works on developing advanced algorithms and processing systems for 
ISAR [Ref. 7]. The picture shown below in Figure 29 is a radar image generated using 


ISAR imaging. 





Figure 29. ISAR Image (From Ref. [7]) 


This image was taken by the P-3 aircraft (Figure 30). It is the image of the ship, USS 


Crockett, which is pictured in Figure 31. 





Figure 30. 


Figure 31. Photo of USS Crockett (From Ref. [7]) 


The ISAR image is a two-dimensional representation of the target, with the 
resolution in the horizontal dimension determined by the short pulse characteristic of the 
radar and the vertical dimension by the Doppler of the radar returns. 

The radar used in the P-3 aircraft is an AN/APS-137. The APS-137 family of 
radars has consistently demonstrated outstanding performance in anti-submarine warfare 
(ASW) and anti-surface warfare (ASuW). Current operational capabilities include long- 
range surface search and target tracking, periscope detection in high sea states, ship 
imaging and classification using ISAR, and SAR for overland surveillance, ground 
mapping, and targeting. The radar system is produced by Raytheon and is shown in 


Figure 32 [Ref. 8]. 





Figure 32. AN/APS-137B(V)5 Radar System (From Ref. [8]) 


In order to create a false target that looks similar to the NRL ISAR image of the 
USS Crockett, some simplifications had to be done, due to the complexity of a real target 
(i.e. the number of scatterers, RCS of each individual scatterer, and unknown exact radar 
parameters). 

First, the necessary phase and gain modulation parameters of the false target had 
to be generated. A simplified range-Doppler map of the target 1s shown in Figure 33. The 


number of individual scatterers manually specified in range and Doppler was 182. 





Figure 33. Ship Case-Simulation Setup in Matlab 


Only 32 taps were used to represent the full length of the target, due to the limitations in 


the developing of the hardware equivalent circuit, and also to accelerate the simulation 
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time. The phase and gain-coefficients were thereafter extracted in a correct format by a 
Matlab script file (extract_para_ShipX.m). Most of the simulation parameters were kept 
the same as earlier, i.e. 62 DRFM-phase data were captured for each radar pulse. A series 
of seven different simulations was the conducted representing different Doppler 
resolutions of the counter-targeted ISAR (integration of 64, 128, 256, 512, 1024, 2048, 
and 4096 radar pulses respectively). 

The results are shown in the following set of figures (Figure 34). The true ISAR 
image has of course a much higher resolution than the Matlab simulated images, which is 
best observed in range. The ISAR image is also a final image for the end user. That is, the 
radar-return signals have not only been signal processed as a radar signal, but various 
filtering and image enhancement techniques have also been applied. The Matlab 
simulation images result from only pure signal processing because of pulse compression. 
No additional filtering and image enhancements have been used. 

Table 8 explains the differences of the nine sub-figures shown in Figure 34. The 
number of radar pulses referred to relates to how many radar pulses were used for the 
ISAR-image integration for that specific simulation. Seven different simulation results 


are shown. 


True ISAR image 64 radar pulses 
128 radar pulses 256 radar pulses 512 radar pulses 
1024 radar pulses 2048 radar pulses 4096 radar pulses 


Table 8. True ISAR Image, Simulation Setup, and Seven Different Simulations 
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(a) True ISAR Image (b) Simulation Setup (c) 64 Radar Pulses 





(g) 1024 Radar Pulses (h) 2048 Radar Pulses (1) 4096 Radar Pulses 


Figure 34. True ISAR Image, Simulation Setup, and Seven Different Simulations 


This test case was developed to visualize the expected results of the DIS. The goal 
was to create a realistic image of a false target, though limiting the scatterers to a 


relatively small number. Other limitations were precision and dynamic range of the phase 
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and gain modulation coefficients used in the current design. In spite of that, the 
simulation results show that creating relative realistic false targets using a Digital Image 
Synthesizer as described is possible. 

An additional remark is that the simulated DIS refers to a 5-bit phase sampling 
DRFM. The phase-modulation coefficients are 4-bit binary words, and the gain 
modulation coefficients are only 2-bit binary words. The final outputs (I- and Q-channel) 
consist of a 16-bit two’s complement binary word respectively. A set of different tools 
(Matlab script files and function calls) has been developed for later use in order to further 
investigate tradeoffs in number of bits used throughout the architecture, especially for the 
final stages of adders and for representing the final output words. An example of how to 


use these files and function calls are presented in Appendix A. 
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V. DIS USING FIELD PROGRAMMABLE GATE ARRAYS 


A. INTRODUCTION 


This chapter discusses the hardware implementation of the DIS by using FPGA 
technology. The hardware design is captured using the Altera Multiple Array Matrix 
Programmable Logic User System or Max+Plus II software version 9.21 (the project was 
started in 1998 using version 8.3). Max+Plus II is the design environment for Altera 
Programmable Logic Devices (PLD). A brief description of the Max+Plus II software is 
given below followed by a short introduction to Field Programmable Logic Devices 
(FPLDs) [Ref. 9]. In particular, FPGAs, specifically the Altera 10K50 family is 
described. Later sections of this Chapter describe each of the modules of the DIS 
hardware design, starting from the top-level-hierarchy and progressing down. The final 


section addresses the FPGA results and the comparison to Matlab simulations. 


B. THE ALTERA MA X+PLUS II ENVIRONMENT 


The Max+Plus II software provides a multi-platform, architecture-independent 
design environment that easily adapts to specific design needs. The Max+Plus II 
development software is a fully-integrated programmable logic-design environment. This 
tool supports all Altera programmable device families and works in both PC and UNIX 
environments. The Max+Plus II allows seamless integration with industry-standard 


design entry, synthesis, and verification tools. 
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Figure 35 shows a block diagram of the Altera Max+Plus II environment. 
Max+Plus II both reads and writes: 
e Altera Hardware Description Language (AHDL) files and standard EDIF 
netlist files 
e Verilog HDL files 
e VHDL files 
e OrCAD schematic files 
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Figure 35. Altera Max+Plus II Environment (From Ref. [10]) 


In addition, Max+Plus II reads Xilinx netlist files and writes Standard Delay 
Format (SDF) files for interface to other industry-standard CAE software. The Max+Plus 


II message processor handles the different features like design entry, project processing, 
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project verification and device programming. An overview of the Max+Plus II compiler 
interface is shown in Figure 36. The hierarchy display is a convenient way to switch 
between the different parts of the program and shows a hierarchy tree with branches, that 
represents the sub-designs. 
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Figure 36. Max+Plus II Design Environment (From Ref. [11]) 


The complete Max+Plus II system includes 11 fully integrated applications that 
take the designer through every step of creating a design. A logic design, including all 
sub-designs, is called a “project” in Max+Plus II. The main applications are summarized 


in Table 9. 
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Application Function 





Hierarchy Display 


Graphic Editor 


Symbol Editor For adding existing symbol and creating new ones. 


Text Editor For creating and editing text-based logic design files written in 
hardware description language (AHDL, VHDL, Verilog HDL). 


For displaying the current hierarchy of files as a hierarchy tree 





with branches that represents sub designs. 






For entering a schematic logic design. Altera provides primitives, 





megafunctions, and macrofunctions, which serve as basic circuit- 


building blocks. 









Waveform Editor | For entering test vectors and viewing simulation results. 


Floor-Plan Editor | For assigning logic to physical device pins and logic cell resources 


Timing Analyzer 


Message Processor 








in a graphic environment. 






For processing project, including checking for errors, synthesizing 






the logic, fitting the project into one or more Altera devices. 






For testing the logical operation and internal timing of logic 





circuits. The simulator supports functional simulations, timing 






simulations, and linked multi-device simulation. 


For analyzing the performance of the logic circuits after they have 





been synthesized and optimized by the compiler. 





For programming, configuring, verifying, examining and testing 









Altera's devices. 


For displaying warning and information messages on the status of 








the project. It also locates the source of a message automatically in 






the original design files. 






Table 9. Max+Plus II Suite of Applications and Functions (From Ref. [10]) 
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C. FPGA TECHNOLOGY AND THE ALTERA 10K50 


Different devices are available to capture the developed FPGA design file. The 
FLEX 10K50 chip (FLEX - flexible logic element matrix architecture) for example is a 
static random access memory (RAM) with typically 70,000 gates (logic & RAM). The 
Flex 10K50 device contains an embedded array and a logic array. The logic array 
performs the same function as a sea of gates in a gate array. The FLEX 10K50 is used to 
implement general logic, such as counters, adders, state machines, and multiplexers. The 
embedded array is used to implement memory and specialized logic functions. Table 10 
describes the features and benefits of using FPGAs and Table 11 the features of the 


FLEX 10K50. 


200 MHz and above System Performance | Supports today's most demanding speed 
Density from 10,000 to over 1.5 Million Addresses 9040 of all gate array design 






Embedded Array Blocks Efficient RAM, ROM, FIFO and other 
high-performance mega-functions 
Multi- Volt I/O Operation Ideal for mixed-voltage systems 


5.0V, 3.3V, 2.5V, and 1.8V Device Supports multiple operating voltages 


Options 


PCI Compliance Meets all specifications of the PCI local bus 


Table 10. FLEX 10K Highlights (From Ref. [11]) 





The Altera FLEX 10K devices are configured at system power-up with data 
stored in an Altera serial configuration EPROM device or provided by a system 


controller. A picture of the FLEX 10K50 is shown in Figure 37. 
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Figure 37. Altera FLEX 10K50 (From Ref. [11]). 


A microprocessor interface permits the microprocessor to configure the FLEX 10K 
devices serially, in parallel, and synchronously or asynchronously [Ref. 11]. 


The features of the FLEX 10K50 device are as shown in Table 11: 


Typical Gates (logic & RAM) 




















3 
Embedded Array Blocks 
Maximum User I/O Pins 


Table 11. Altera FLEX 10K50 Device Features from [11] 
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D. DIS ARCHITECTURE USING FPGA 


1. The Concept Demonstrator 

A concept demonstrator of the DIS architecture has been developed in Field- 
Programmable Gate-Array (FPGA) technology. The concept demonstrator comprises 
three parts: 

e Matlab simulations of the ISAR signal processing architecture (described in 

Chapter IV) 

e Computer board containing hardware design using an Altera FPGA device 
(FLEX 10K50) 

e A Visual Basic program (flextest.vbp) to access the Altera FPGA computer 
board and download the image-formation parameters and raw data and to 
upload from the board processed data. The data gathered from the board are 
stored in files that are in turn read by plothwvX.m for post-processing and 
display for comparison. 

The DIS and its interface with the host computer are shown in Figure 38 as a 
block- and host-interface diagram. The host computer is an ordinary personal computer 
(PC). The DIS hardware is a FPGA (Altera 10K50 FPGA chip) mounted on a Naval 
Research Laboratory (NRL) custom designed PC I/O board. The various modules for the 


DIS are described below. 
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Customized Designed FPGA Computer Board (DIS) 
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Figure 38. Block Diagram and Host-Interface Diagram of the DIS 


a. Host (PC) 

Setup GUI: The setup as most of the blocks of the host refers back to the 
Matlab code discussed in Chapter IV. In the GUI the user specifies the parameters for the 
false target to be generated. 

Signal Generator. The DRFM-phase data samples are produced within 
this block and printed to a text file. This text file (rawint.txt) is used both in the Matlab 
simulation file and the Visual Basic program running the FPGA computer board. 

Processing Parameters: The processing parameters of the specified false 
target consist of a phase-increment/decrement corresponding to the selected Doppler shift 


and the gain-coefficients representing the amplitude modulation. 


Range and Azimuth compression: These parts represent basic signal 
processing functions in the ISAR. Pulse compression is performed on the radar return 
signal from the false target generated by the FPGA DIS. 

Display: After processing, the signals will be presented to the user as an 
image. In this case, it will be done by a series of plots using Matlab (as described in 
Chapter 4). 

b. FPGA DIS 

Buffers: “Buffer 1” is for storage of DRFM-phase data samples to be fed 
into the tapped delay lines. “Buffer 2” is for storage of modulation parameters, which are 
computed and updated by the host. These include parameters for target extent, amplitude 
modulation and Doppler shift. “Buffer 3” is for storing the outputs of the DIS (modulated 
signals). 

Tap O to 2: Three tapped-delay lines have been implemented using the 
FPGA technology in order to study the trade-offs involved. Each tap consists of a delay 
element, implemented in hardware using a cascaded chain of flip-flops. The phase adder 
together with the look-up table provides a Doppler modulated complex signal. The gain 
modules provide amplitude modulation to the signal, represented by the triangular 
symbols connected to the outputs of the look-up tables. 

Summer. The summer adds outputs from I- and Q-channels separately. 
The addition is accomplished by first taking a partial sum of the outputs from two last 


taps and then as an additional step, adding this result to the output of the first tap. 
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C. FPGA DIS Hardware 
The hardware used for the DIS implementation and its interface with the 
host computer is shown in Figure 39 and Figure 40. Figure 39 shows a photo of the host 


computer, a PII 300 MHz with 128 MB RAM. 
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Figure 39. Picture of the Concept Demonstrator-Host (PC) with FPGA Board (DIS) 


Figure 40 shows the DIS hardware consisting of a FPGA (Altera 10K50 FPGA 
chip) mounted on a Naval Research Laboratory (NRL) custom-designed computer board. 
It can be seen inserted in the lower slot of the computer. The Altera 10K50 FPGA chip is 


the large device in the center of the board. 
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Figure 40. Picture of the Customized FPGA Board Used for the DIS Prototype 


d. Processing DRFM-Phase Data 

Processing of DRFM-phase data samples by the three-tap original DIS 
architecture can be visualized as follows. For each received radar chirp pulse, a set of 
phase samples will be provided by the DRFM. At startup, valid output data consists of 
only the output from the first tap (Tap 0). At the next clock cycle valid data will be the 
sum of processed data from Tap 0 and Tap 1. At the third clock cycle, the output will be 
the sum of processed data from all three taps. At the end of the pulse, the taps are 
shutdown in reverse order while the phase data is propagating through the delays. An 
example of 64 radar pulses and 62 DRFM-phase data samples (range-bins) per radar 


pulse are summarized in Table 12. 
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Table 12. Correct Processing of DRFM Samples (Original DIS Architecture) 
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Remarks for Table 12 (notations and descriptions): 
e Radar Pulse — Represents one radar pulse. The number of radar pulses 
represents the number of Doppler cells for the ISAR, in this case 64. 
e DRFM-phase Data - 62 DRFM-phase samples per radar pulse in this case 
e Clk — Clock pulse for the DIS 
e Tap n-— Output of the n™ tap 


e Tap n+1 — Output of the (n+1) tap 
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e Tap n+2 — Output of the (n+2) tap (the last tap in this example) 

e Result — The output from the DIS 

e Pa+x(Dx) — Processed phase data in a tap available as valid output 

The processing of DRFM-phase data in the three taps that has been 

implemented using FPGA technology is shown in Table 13. Noted that the 
implementation of the DIS algorithm using FPGAs does not perform a correct startup and 
shutdown of the individual taps when a set of DRFM samples is processed. Instead a data 
value of zero is processed through the tap and produces an incorrect output due to the 
cosine look-up table (cos(O) = 1). This adds an error at the beginning and trailing edges of 


the pulse compared with the Matlab simulation that follows the original DIS algorithm. 
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Table 13. Processing of DRFM Samples Using FPGAs (Original DIS Architecture) 





























Remarks for Table 13 (notations and descriptions): 
e Radar Pulse — Represents one radar pulse. The number of radar pulses 
represents the number of Doppler cells for the ISAR, in this case 64. 
e DRFM-phase Data — 62 DRFM-phase samples per radar pulse in this case 
èe Clk — Clock pulse for the DIS 


e Tapn- Output of the n” tap 
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Tap n+1 — Output of the (n+1) tap 

Tap n+2 — Output of the (n+2) tap (the last tap in this example) 

Result — The output from the DIS 

Pn+x(Dx) — Processed phase data sample in a tap available as valid output 


Pr+x(0) — Processed “0” in a tap available as output 


- FPGA DIS Schematic 


a. Top-Level FPGA Hierarchy 


The top-level hierarchy of the design using FPGAs is shown in Figure 41. 


The purpose of this figure is to visualize the Altera environment at the top-level of this 


architecture. The bottom left hand block is the I/O-decode and Built-in-Test (BIT) block. 


The purpose of the I/O decode block is to provide up to 256 addressable "internal" 


address spaces for reading and writing. The other blocks have direct correspondence to 


the other modules in the DIS: 


Tap-Delay Line (delay.gdf) 

Doppler Modulation Coefficient Latch (phi.gdf) 

Phase Summer (ph_acc.gdf) 

Look-Up-Table (lut.gdf) 

Gain Modulation Coefficient Latch (gain.gdf) 

Gain Modulator (newgainl.gdf, shiftO.gdf, shift1.gdf, shift2.gdf, mux2.gdf) 


Output Summer (out. summer.gdf) 


Each of these modules is described in further detail below. 
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Figure 41. Top-level FPGA Hierarchy of the DIS (simple.gdf) 


b. Tap-Delay Line 

The tap-delay line schematic with 3 tap delay lines is shown in Figure 42. 
The tap-delay lines are composed of a chain of D-flip-flops and occupy four internal 
addresses, 0x30, 0x31, 0x32 and 0x33. The meaning of the data values written to these 
locations is described in Table 14 below. 


Internal Address (in hex) 
0x30 








Function 


Write “1” to reset tap-delay line, “O” 









otherwise 










0x31 





Write any value to this address to cause a 






propagation of the values down the delay 


line 






Write the new DRFM value to the first tap 









of the delay line 


Table 14. Internal Address Usage in the Tap Delay Line 





Updating the tap-delay line is a 2-stage process. This is accomplished by 
writing any value into address 0x31 (to effect propagation) followed by writing a new 


value into address 0x32 (to load in a new value at the first tap of the delay line). 
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Figure 42. Schematic of the Tap-Delay Line (delay.gdf) 
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c. Doppler Modulation Coefficient Latch 
The phase-coefficient latch (for Doppler modulation) is comprised of a 


1-of-4 decoding block and a set of flip-flops as shown in Figure 43. 
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Figure 43. Schematic of the Phase-Coefficient Latch for Doppler Modulation (phi.gdf) 
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d. Phase Accumulator 

The phase accumulator schematic is shown in Figure 44 (one for each 
tap). The inputs to the accumulator are the 5-bit DRFM-phase samples (the values from 
the tap-delay line) and the latched 5-bit phase coefficients. Furthermore, the output bit- 
width matches the input bit-width (the carry-bits are discarded) representing a modulus 
addition operation (which is desired). Due to truncation of values larger than five bits, the 
phase values above 27 are folded back into the principle range between zero and 27. The 
LPM-ADD-SUB module available in the Library of Parameterized Module (LPM) is 


used to configure the adder. 
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Figure 44. Schematic of the Phase Accumulator (ph_acc.gdf) 
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e. Look-Up Table (LUT) 

The look-up table (LUT) is indexed by the output phase from the phase 
accumulator. This phase value is mapped to an 8-bit amplitude value stored in the LUT. 
Since the LUT output is a complex number, cosine and sine tables indexed by the same 
phase are required. The schematic diagram for the LUT is given in Figure 45. For the 
LUT configuration, a text file is associated with each LPM_ROM module. In Altera, this 
file is called a memory initialization file (.mif). A Matlab script file (genLUT.m), which 
is capable of automatically generating the text-file, based on the width and depth of the 
LUT desired, has been used. This file generates the memory initialization file for the 
LPM_ROM module (cos.mif and sin.mif). It calls two Matlab function files 
(genfixptv0.m and genfloat.m). These two programs perform the fix and floating-point 


conversions. The Matlab files [Ref. 6] are included in Appendix A. 


M a z 
=< Se 
ps, hab ` Eom 


APWA SEKR CT ENER LEES R TER 7 7 C. 
IP, f Lb cH — 
API. 


ra y deen n0" > 


Lee AA. Rég CDT. 

LOU ORF Ae UNELE IERT 
Leet Ore. 2? 

CPI C IDTMADS 5 


ULPMA ROM ^ 





bo CONTROL. WEES Cre ees 
Hs Eege ESA. MCK UNEL LBE EELER S 
LM 4 srt Q CETT. LPS LL Y NEAL A E RYL A VO * + 
PIRO LOU Re EL GIL . LP UAE EDT . 
LEBA Vl rr? LP eC! DUE An RG TS RE 
CP pn Ort, 3 eech 

LPRA ROM X : LEES e S 
- LPM ROM ` 





CIT 


Dima ` era 


La. AER OON PO La UELLE i URET ` 
UNF LCt LI errati a CA) remm (gu a peg 
RIOT = 
LP DUBAI A AR CO 
1eM. n Drm. : I Pa 
& PM ADONE 53_ r r 
UNOD a SIOONI OL UNIG 72! CEE CT 


"LPM 


LAS LE Y rra Lt vus Dampyust anten (mo^. 


LPM ROM O 





zc C—9 «27.9 


Figure 45. Schematic Diagram of the Look-Up Table (LUT) (lut.gdf) 
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f. Gain Modulation Coefficient Latch 
The latch for the gain modulation coefficient comprises a 1-0f-4 decoding 
block and a set of flip-flops as shown in Figure 46. Although four DQ flip-flops are 


shown, only three of them are used (one for each tap). 
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Figure 46. Schematic of the Gain Modulation Coefficient Latch (gain. gdf) 


78 


g. Gain Modulator 
The gain modulator applies a gain to the binary signal from the LUT by 
shifting the binary word toward the most significant bit position and pads zeros at the 


least significant bit position. The gain modulator is shown in Figure 47. 
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Figure 47. Schematic of the Gain Modulation (newgain1.gdf) 


The original amplitude values, as set by the user in the Matlab GUI (the 
Range-Doppler-Amplitude Map Entry Program), are “translated” into a corresponding 


number of positions for the shift according to Table 15. 


GUI Amplitude Value | # of Shift Left Steps d Decimal Multiplication by 










Table 15. Translation of Gain Values 


Figure 48 exemplifies the results of applying different gain modulation 

. coefficients. In the first sub-plot, a GUI Amplitude value of “1” was applied, representing 
a decimal gain value of “1,” for a 3-target cell long target. In the next three sub-plot the 
GUI Amplitude value was increased to “2,” “3,” and “4” respectively, representing a 


decimal gain value of “2,” “4,” and “8.” 
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Figure 48. A 3-Target Cell Long Target with Different Gain Modulation Coefficients 


Using only a 2-bit word for representing the gain modulation coefficient 
will limit the dynamic range to 18.1dB when using shift modules. Another limitation is 
that only four discrete amplitude levels can be used. Increasing the word size, 1.e. to three 


(or four) bits will give 42.1dB (90.3dB) dynamic range and 8 (16) different amplitude 


levels. 


n 2. 20log10(2? '/1) 


2010g10(V max/ V min) 





Table 16. Number of Bits vs. Dynamic Range 
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The schematic diagram of the shift primitive is shown in Figure 49 and the 


schematic diagram of the MUX2 building block is provided in Figure 50. 
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Figure 50. Schematic of the MUX2 in the Gain Modulation Block (mux2.gdf) 
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h. Final Summer 

The schematic of the final summer is given in Figure 51. This circuit 
implements the addition of the tap outputs in two’s complement. The addition in two’s 
complement involves sign-extension of the numbers to be added and discarding the carry- 


out bit. The LPM-ADD-SUB module, available in the LPM, is used to configure the 


Summer. 
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Figure 51. Schematic of the Final Summer (out_summer.gdf) 


82 


E. 


SIMULATION RESULTS 


1. Simulation Setup 


Several simulations have been done to verify the expected results. Below is one 


example of a simulation run to illustrate the steps and to visualize the results. In this case, 


the 


false target to be generated has the same parameters given in the example above 


(Matlab simulation) as is shown again in Figure 52. 
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Figure 52. The Range-Doppler-Amplitude Map Entry Program 
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In this example the user has specified the data in Table 17 for the false target to be 


created by the DIS. 


> mm ST? Amplitude i Remark 
Value 


0 Tap 0-1* Fap 0-1 D 


a rm 
Sr 


Table 17. User Specified Inputs of the False Target 





In order to make the comparison between the Matlab simulation and the DIS 
implemented using FPGA technology, an intermediate step was added in the simulation 
flow as described in Chapter 4. After the Matlab file mathostvX.m has been executed, all 
necessary inputs are available in text files to run the hardware implementation of the DIS. 
The interface with the FPGA computer board is a set of Visual Basic files composed into 
a Visual Basic project called FlexTest (flextest.vbp). To compile and run the project and 
the board properly, the necessary files must be located in a file structure with the 
following path: c:\temasek\denise\thesis\final_design\vbfiles. 

To run the Visual Basic project, FlexTest, the user must open the project, open the 
the_isar.bas file, and then run the file. Another GUI will show up on the computer display 


to visualize the signal processing taking place in the taps of the DIS. 
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2. Simulation Results 

The 2-D contour plots in Figure 53 show the results from the Matlab simulation 
and the results from running the DIS implemented on the Altera FPGA device. The 
Matlab simulation results are shown in the upper sub-plot. Both sub-plots are presented in 
a range-Doppler map. That is, Down Range (range) versus Cross Range (Doppler). The 
two results look quite similar but will be examined closer to verify if any differences are 


present or not. 
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Figure 53. Matlab DIS Simulation vs. FPGA Hardware Results 


Figure 54 shows the 3-D mesh surface plots. The first sub-plot shows the results 
from the Matlab DIS simulation. The second shows the result from the FPGA hardware. 
Finally, the third sub-plot shows the difference between the Matlab simulation and the 
FPGA hardware results. As expected, a slight difference between the Matlab simulation 
and the hardware results can be observed (note the scale on the amplitude axis of the 


three sub-plots). 
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Figure 54. Matlab Simulation Result vs. FPGA Hardware Result and Their Difference 


These differences are because the implementation of the DIS algorithm using 
FPGAs does not consider a correct startup and shutdown of the individual taps when a set 


of DRFM-phase data from one radar pulse is processed (as discussed earlier). This 
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contributes to a slight error compared to the Matlab simulation, which strictly follows the 
original DIS algorithm. 

To verify that the errors are actually due to the difference in startup and shutdown 
sequences, the Matlab simulation code was adjusted to process the phase data in the same 
manner as the FPGA hardware. The results of the modified test case are shown in 


Froure 55. 


a. £mpltude*Doppler Modulated Rd-Dp XX (MATLAB Simulation Result) 
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Figure 55. Matlab Simulation Result vs. FPGA Hardware Result and Their Difference 


As expected, there are now no differences between the Matlab simulation results and the 
hardware FPGA results. The Concept Demonstrator has therefore been proven to work 


with its known limitations. 
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VI. FPGA-TO-ASIC CONVERSION 


Since the first design was captured using the Altera Max+Plus II software, which 
targets the Altera Programmable Logic Device (PLD), several methods were investigated 
to convert this design using third-party tools. This chapter discusses the different methods 
of converting the existing design in a format for tools that target an Application Specific 
Integrated Circuit (ASIC), instead of a PLD and their related problems. This chapter 
further concludes with a summary of problems encountered and the reasons behind 


choosing the Tanner Tools environment instead of one of the discussed converting tools. 


A. FPGA LIMITATIONS 


After analyzing the original, nearly complete implementation of the original 
architecture, we realized that several limitations were being imposed on the design, solely 
because the implementation employed FPGA technology. First and foremost was the 
speed limitation. The target clock speed for the design is 500MHz (2ns clock rate). This 
is an aggressive goal for any new chip design, and although it might eventually be 
possible to meet this target with an FPGA design, in the foreseeable future, a full-custom 
IC has a higher probability of meeting this speed requirement. A second major 
contributing factor was the physical size of the implementation. The initial, proof-of- 
concept design does not require a large number of taps. However, even with a small 
number of taps the design could not be implemented into a single FPGA. One of the 
goals for this initial, proof-of-concept design was to create a devise easily extendable to 


more taps. Extending the FPGA implementation to more taps would require a significant 
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increase in the number of FPGAs. This was considered a major drawback of the FPGA 
implementation. 

After realizing the limitations of the FPGA implementation, we decided to 
convert the FPGA design to an ASIC design. Several FPGA-to-ASIC conversion 


techniques were investigated. 


1. Altera-to-MOSIS Process Flow 
The Altera-to-MOSIS conversion process investigates attempts to translate the 
design from Altera’s Max+Plus II implementation to a high speed ASIC fabricated by 
MOSIS. It will be shown that the conversion is highly complex, and that parts of the 
conversion process are unpredictable, since some tools do not have a common interface. 
a. Altera to MOSIS Link Overview 
The flowchart shown in Figure 56 shows the complete conversion path 
from the current FPGA design in Max+Plus II to an ASIC fabrication at MOSIS using 
several tools in different stages of the process. Statecad in conjunction with Statebench 
provides an add-in state machine into the existing FPGA design so that the resulting 
project file can be compiled in the Max+Plus II compiler. SimGen converts the compiler 
output file (.EDO) into a .MAC file, which can be read by Nettran. Nettran is a program 
of the Tanner Tool environment and converts different formats into useable input files for 
other Tanner Tool programs, e.g., the layout editor L-Edit. L-Edit uses the resulting .TPR 
file as input and creates a physical layout based on its library elements. The layout file 
needs to be compared with the original input files to ensure that the circuit representation 
is the same as the compiler output file. After verification and post-layout simulation, the 


layout can be sent to Mosis in form of a .CIF file for fabrication. 
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Figure 56. Flowchart-Altera to MOSIS Link 


Remarks for Figure 6.1 
e GDF is Graphic Design File and is the file format of the Graphic Editor in 
Max+Plus II 
e AHDL is Altera Hardware Description Language 


e EDO is EDIF output file 
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e MAC is Macro file, to use between SimGen and Nettran 
e TPR is Tanner Tools file type 
e CIF is Chip fabrication format for the final layout 
e VHDL is VHSIC Hardware Description Language 
Controling the data flow by a state machine was considered, however, due to a different 
approach in the later ASIC design, a state machine implementation was not deemed 
necessary. Furthermore, Nettran and L-Edit are not part of the following program 
description. They are explained in detail in the following chapter to avoid unnecessary 
redundancy. 
b. Statecad and Statebench 
Statecad is a powerful tool to create state machines of all kinds easily. It 
is a graphical entry tool that allows the user to express ideas as state diagrams. Statecad 
has been designed for simplicity in use as a tool for digital design, documentation, and 
error analysis. The Statecad GUI is shown in Figure 57 to illustrate the graphical concept 
of the tool. After validating a diagram, the program generates, directly from the diagram, 
hardware description language (HDL) code that can be simulated and synthesized. The 
HDL is valid, consistent, maintainable, and implements the graphical diagram. The HDL 
can be VHDL-1076, Verilog, ABEL-HDL, AHDL or ANSI-C. Interactive dialog boxes 
provide an environment for intuitive work and help to eliminate syntax errors and 
incomplete portions of state diagrams. [Ref. 12] 
Once a design is completed in Statecad, it can be verified in the add-on 
software Statebench. After verification, a timing test bench can be written automatically. 


The test bench can be used for post synthesis timing verification. 
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Figure 57. Statecad Screenshot (From Ref. [13]) 


Statebench is an add-on program to Statecad and automates behavioral 
verification and VHDL/Verilog test bench generation of any state diagram created in 
Statecad. Automatic test benches attempt to exercise every input, Output, transition, and 
logic equation in a design. For verification the program can usually check approximately 
80% of the design automatically. The remaining 20% requires minor user inputs to 
complete the validation of the design. Statebench can generate VHDL or Verilog test 
benches for post-synthesis verification by adding time constraints that can be imported in 


third-party test programs for further validation. 
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e SimGen 

SimGen is an EDIF to Nettran and a FPGA to ASIC conversion utility for 
lanner Tools EDA that improves routine operation designing within the Tanner 
environment. SimGen uses EDIF or MAC files as input and can generate VHDL files 
from a chip layout to support verifications in VHDL design flows. It automatically 
creates simulation files (SIM and .VEC) for GateSim. For these types of files SimGen 
sets up template files with input/output lists and restores true port names. Due to its 
ability to create .MAC files, SimGen supports file import into Tanner’s Nettran software. 
Since the conversion between different file formats is not unproblematic, it attempts to 
clean up and repair netlists so that they can work as expected when going from one tool 
to another. SimGen provides a Windows control shell to activate, coordinate, and 
generate command files for Tanner’s remaining DOS tools, e.g., GateSim, as well as file 
editing functions and waveform viewing functions [Ref. 14]. 

The conversion process from Max+Plus II to an ASIC in form of the 
Altera-to-Mosis Link is long and in parts unpredictable. One of the major drawbacks is 
that SimGen has no direct supported interface to Max+Plus II. Another major drawback 
is the incompatibility between the library cells used in the FPGA design and the required 
library cells for an ASIC design. Therefore a significant amount of hand conversion of 
library cells is required, which is time consuming and potentially error prone. Other 
problems with this conversion approach include the efficiency of the conversion process 
with respect to speed, layout area, and power consumption of the final IC design. 


Furthermore a future chip expansions or even minor changes to the design require 
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working through the entire link again, resulting in a considerable amount of time and new 


sources of conversion errors. 


B. LEONARDO SPECTRUM 


An alternative program to create an ASIC can be found in Spectrum’s Leonardo 
software [Ref. 15]. Leonardo was not chosen because of the very complicated workspace 
creation process between Max+Plus II and Spectrum’s software. Also Leonardo lacks the 
capability to directly import file types, which are generated by Max+Plus II. 
Nevertheless, Leonardo has the capability to target an entered or imported design either 
as an ASIC or as a FPGA. It includes several wizards to optimize, re-target and improve 
the design. Spectrum and Altera offer the possibility to create a working environment 
between MAX+PLUS II and Leonardo, which is illustrated in Table 18 and Figure 58. 
The described data flow was never investigated in detail since the involved programs had 
to be bought and were not available for testing. Nevertheless this was not desired either 
owing to the extremly long and complicated data flow to generate the workspace between 
the two endpoints. The MAX+PLUS II read.me file provides more information about 
which versions of Mentor Graphics applications are supported by the current version of 
MAX+PLUS II. It also provides information on installation and operating requirements 


that are not mentioned in this report. 
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Max+Plus I/Mentor Graphics Software Requirements 


The following products are used to generate, process, synthesis, and verify a project 






with the Max+Plus II and Mentor Graphics Leonardo software: 










Galileo Extreme V4.1.1 Max+Plus II V.9.2 


Leonardo V4.1.3 





Quick HDL 
Quick HDL Pro 
Quick Path 
LS Lib library 
DVE 








Table 18. Workspace between Max+Plus II and Leonardo 


In more general terms, the flexibility of programs like Max+Plus II, Leonardo, 
Statecad, etc. is determined by their ability to import files of different types. The most 
common file types are EDIF, Verilog, and VDHL files. One has to strictly differentiate 
between input and output files. Output files from Altera s MAX+PLUS II software are 
not compatible to input files with the same file extension, so there is a need to examine 
the differences in more detail. The following example is based on the MAX+PLUS II 
software, but is transferable to the other above-mentioned programs: the input file types 
are VHDL, Verilog, AHDL, GDF, SCH (schematic files from ORCAD) and the EDIF 
files from third party synthesis tools. The output files produced by the Max+Plus II 


compiler are VO (Verilog output netlist file), VHO (VHDL output netlist file), 
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Figure 58. Block Diagram for the MAX+PLUS II/Leonardo Workspace (From Ref. [11]) 
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TDO (AHDL output netlist file), and EDO (EDIF output netlist file). Now it should be 
obvious that output files cannot easily be used as import files for other programs. Hence a 
lot of other third-party tools are required to establish a conversion path in order to create 
a link between the two main programs. 

The only VHDL, Verilog or EDIF files that can be generated by the Max+Plus II 
compiler after synthesis are post place and route netlist files. These files are normally 
used as either input to third party simulation tools like e.g., Verilog-XL from Cadence, 
Modelsim from Modeltech etc. or as input for static timing analysis tools, like Primetime 
& Motive from Synopsys. These netlists contain a gate-level description of the design 
and the timing delays, where Max+Plus II’s EDIF input file is a synthesized netlist. 
Therefore extracting an input file from an output file involves an extraordinary number of 


steps since the output files are place and route netlists. 


C. AMERICAN MICROSYSTEMS INC. 


Another alternative to building an ASIC from an FPGA is to contract with a 
company that specializes in FPGA-to-ASIC conversions, e.g., American Microsystems 
Inc. (AMI). For this approach, the entire design has to be done in FPGA-oriented 
software like Max+Plus II and sent to AMI for the conversion process. AMI also 
provides customers with their software in a light version, warning, however, that they 
cannot recommend this method since the tools are very complicated and require much 
experience [Ref. 16]. 

This approach was not selected and not further investigated for several reasons. 


First, the design conversion process yields an ASIC design that is readable by a computer 
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and cannot be read, manipulated, and modified easily by a human, even with the 
appropriate CAD tools. Therefore, when the initial DIS design is eventually expanded to 
include more taps, the expanded design would have to be accomplished using the FPGA 
tools and then another design conversion would have to be performed by the contractor 
and paid for. Another drawback is the efficiency of the design conversion with respect to 
speed, layout area, and power consumption of the final IC. Although great strides have 
been made in automated optimization for design conversion, much work still needs to be 
done in this area. Moreover, chip designs that start life as an ASIC design usually wind 
up being faster, smaller, and consume less power. Finally, one of the goals at the NPS 
Center for Joint Services Electronic Warfare is to offer students the chance to research 
and to create projects while working toward a Master’s degree. Hiring an outside firm to 
perform the design conversion would eliminate this opportunity in addition to being 


costly and ending up with an imperfect design. 


D. MIGRATION TO TANNER 


All the above-described processes were investigated to convert the existing FPGA 
design into an ASIC in order to achieve two goals. Most importantly, the high-level DIS 
architecture had to be fast, both with respect to high throughput and short latency. 
Second, the design had to be extensible, allowing an inexpensive prototype with fewer 
taps to be easily turned into a more finished product by just increasing the number of 
taps. After analyzing the original architecture, we realized that there were several 
limitations being imposed on the design solely because the implementation was done 


using FPGAs. 
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The major concern is the speed limitation, in view of the fact that the clock speed 
for the design should be close to SOOMHz. Although it might eventually be possible to 
meet this target with an FPGA design, in the foreseeable future, a full-custom IC will 
have a higher probability of meeting this speed goal. 

A second major contributing factor is the physical size of the implementation. 
The initial, proof-of-concept design did not require a large number of taps. However, if 
more taplines are desired to build a full operational prototype, the taplines would not fit 
into a single FPGA. Extending the FPGA implementation to more taplines would require 
a significant increase in the number of FPGAs. This is considered a major drawback of 
the FPGA implementation. Furthermore, additional taps could not just be added to the 
design since the adder tree used to sum the outputs of the taps for the final output would 
have to be redesigned. Beyond this, as the number of taps increases, either the clock 
speed must be slowed down (reduced throughput) or the number of pipeline stages must 
be increased (increase in the total latency) to accommodate the extra delay in the 
additional adders in the adder tree. The total latency is the sum of the latency in the tap 
and the latency in the adder tree, which increases as the number of taps increases. 

After considering the various different alternatives for design conversion, we 
realized that a dedicated ASIC design using the Tanner Tools would be the most efficient 
approach. The original architecture and FPGA design allows, however, an in-depth 
analysis of the behavior of the algorithms to be implemented in the ASIC and also allows 
the investigation of future design concepts (for example, to counter stepped-frequency 


waveforms). 
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VII. ASIC DESIGN: SCHEMATIC 


This chapter gives an overview over the Tanner Tool environment with emphasis 
on the programs used to construct the DIS architecture. The second section discusses the 
DIS architecture in more detail as it is modified and completed based on the FPGA 
architecture. The last section melts the previous section together and presents the detailed 
design implementations in Tanner's schematic capture tool S-Edit. Additionally, ideas 
and already created circuit improvements for future development will be addressed 
briefly. These improvements reflect circuit simplifications in terms of less transistors 


used in certain modules, or redesign issues for a higher clock speed. 


A. INTRODUCTION TO TANNER TOOLS 


The Tanner Tool environment consists of five major integrated modules: S-Edit, 
T-Spice, W-Edit, L-Edit, and Nettran. The following list presents a short overview of the 
complete Tanner environment [Ref. 17]: 

Simulation Tools: 

e  T-Spice-an analog/digital circuit simulator 

e  GateSim-a gate-level simulator 

e  W-Edit-a waveform viewer 


e L-Edit/Therm-a 3-D finite-element thermal analyzer 


Front End and Netlist Tools: 
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e S-Edit—a schematic editor 

e LVS-a layout-versus-schematic netlist comparator 
Mask-Level-Tools: 

e L-Edit—a layout editor 

e L-Edit/SPR—an automatic standard cell placement and routing package 

e L-Edit/Extract—a layout extractor 

e  L-Edit/DRC-a design rule checker 
The ordered Tanner Tool package consists of: 

e L-Edit with Design Rule Checker (DRC), Extract, and Standard Place and 

Route (SPR) 

e S-Edit (Schematic Editor) 

e LVS (Layout vs. Schematic) 

e T-Spice Pro with Advanced Model Library 

e W-Edit (Waveform Viewer) 

e Tanner Tools Pro Manuals 
Figure 59 [Ref. 17] illustrates at first a schematic overview of the Tanner environment 
and at second the data flow between the different programs of the package. The main 
environment consists of the programs S-Edit, LVS and L-Edit, where L-Edit finally saves 
the layout in a GDSII or CIF file that will be send to MOSIS for chip fabrication. The 


other components may not be used but are shown for completeness. 
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Figure 59. Tanner Tools Block Diagram (From Ref. [17]) 


1. Nettran 

Nettran is a tool within the Tanner environment that has routines and libraries to 
import different file types and convert them into other Tanner programs readable formats. 
It is used as a netlist translation application to ensure file exchange between the different 
tools and other applications. Figure 60 [Ref. 17], shown below, illustrates how Nettran 


fits into the Tanner Tools environment. The use of Nettran is required to translate S-Edit 
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files into an appropriate format for the use in the logical simulator GateSim or third party 


programs. 


S-Edit : 


Third-Party Tools Nettran Vendor Format Files 


L-EdivSPR | | GaeSim | LVS 


Figure 60. Nettran Function Block Diagram (From Ref. [17]) 


| 


Nettran can to translate either wirelist, netlist, or EDIF files from third party tools like 
OrCad to standard Spice format, GateSim, or L-Edit netlist formats. Due to extended 
capabilities, S-Edit is now able to export a Tanner Data Base file (.TDB) that can be 
directly imported into L-Edit so that a conversion with Nettran is not required in this step. 

2. L-Edit 

L-Edit is a physical design layout editor that creates the device level fabrication 
files necessary to realize the integrated circuit. The user has different possibilities to enter 
a layout or project into L-Edit. The first is the lavout by hand. Like in CAD tools, the 
elements of transistor components, e.g., P-Well, N-Well, or different metal layers are 
drawn in the editor window. Since this process is quite time consuming, the vendor 


104 


provides various libraries for different layout processes. These libraries contain layouts 
for digital design components, which are called L-Edit’s wizards. Using the wizards is 
the second way to generate a layout in L-Edit. Besides the Block Place and Route tool (L- 
Edit/BPR), the Standard Place and Route tool (L-Edit/SPR) is the most important wizard. 
SPR and BPR generally perform the same task, where SPR is more specialized, provides 
more sophisticated functionality, and has more constraints. 

The Standard Place and Route module generates layouts for standard cell design 
and can automatically construct entire chips. It includes cell placement and routing, pad 
frame generation, and pad routing. SPR reads netlist files produced by S-Edit and creates 
masks useable as a basis for fabrication. Nevertheless, this automatically generated layout 
needs at least to be verified with the DRC. Tests have shown that the SPR module is 
working only to a certain degree of satisfaction. Even with specified design rules for the 
target process, e.g., 0.5 micron, it can produce faulty designs. The automatic layout 
process is adjustable in many ways. The most important adjustments are the placement 
optimization factor and the routing optimization. The placement optimization factor 
determines the effort of the algorithm to reduce the size of the layout and therefore the 
size of the entire chip. Factors between 00.0 (no optimization) and 10.0 (highest level of 
optimization) can be specified. With higher factor the computation time will increase 
exponential with decreasing effect. Furthermore, tests have shown that the results with 
different factors are variable and that a higher factor does not necessarily produce better 
results. Unfortunately the only way to determine the best factor settings is through trial 
and error. The best result gives a trade off between the least possible DRC violations and 


the smallest layout area. 
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The Design Rule Checker (L-Edit/DRC) performs a design rule check for the 
intended fabrication process and can optimize the place and route. It verifies the 
generated layout with pre-defined rules, which can be edited or extended. Even with the 
automatic function of place and route with SPR or BPR, it is absolutely necessary to run 
DRC on a layout generated by these tools. Additionally, a design that passed the DRC is 
not assumed to be free from errors. A post-layout simulation in the circuit-simulator tool 
or a netlist comparison with the netlist comparison tool is crucial. 

L-Edit/Extract creates SPICE-compatible circuit netlists from L-Edit layouts. The 
output can be exported in either GDSII or CIF file format for fabrication. The extract tool 
is the way to produce a Spice code for post-layout simulation or netlist comparison. For 
netlist comparison, see the description for LVS. 

3. S-Edit 

S-Edit is a schematic capture tool to enter the electronic layout of a circuit. For 
research and prototype devices intended for MOSIS fabrication, S-Edit contains a 
complete MOSIS library of components for each of the different scheduled runs, e.g., 0.5 
micron or 0.35micron. S-Edit can directly generate netlists that are usable in the circuit 
simulator, where a direct link writes a complete schematic directly into T-Spice. S-Edit 
holds the complete DIS architecture in form of a schematic representation. To simplify 
the circuit creation, the program can use different design levels. In other words, 
repeatedly used circuits, such as a tapline in the DIS design, are assigned to a symbol. To 
accomplish this, S-Edit has two main workspaces, the schematic editor and the symbol 
editor. Besides the creation of electronic circuits in the schematic editor, the user can 


create a symbol for a circuit of any size in the symbol editor. Due to this possibility, S- 
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Edit is able to handle different levels of a project and can use custom-made circuits in the 
same manner as its own library elements on every level of the design. For the DIS 
project, S-Edit is used to construct a hierarchy consisting of five levels, where lower 
levels provide higher levels with building blocks to create more complex circuits. 

4. Layout Versus Schematic (LVS) 

LVS is a layout-versus-schematic netlist comparator. It compares the exported 
netlist from S-Edit and the extracted netlist from L-Edit/Extract. It can also compare the 
layout with any other SPICE compatible netlist and ensures that both netlists represent 
the same circuit. LVS is working on the logic gate level. It uses the pre-defined library 
element for comparison and is not able to compare on the transistor level. Therefore 
custom-made layouts on the transistor level are a potential problem. 

The goal is to compare the layout mask generated by SPR with the schematic 
circuit in S-Edit. LVS is used to compare the netlists of both representations. This will 
guarantee the equality of the layout with the tested circuit before the design is sent to 
fabrication. As shown in Figure 61, the differences after netlist comparison are used for 
editing the compared files by hand. Finally this procedure will ensure the equality of the 


circuits. 
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omparison: 


Figure 61. Flow for Netlist Comparison in LVS 


5. The Circuit Simulator T-Spice Pro 

T-Spice Pro is a complete circuit design and analysis system, which includes T- 
Spice, the Advanced Mode! Package, the waveform editor W-Edit, and S-Edit. T-Spice is 
a circuit simulator using SPICE as input language. The Advanced Model Package 
consists of the latest transmission and semiconductor device models to achieve more 
realistic simulation results that are closer to real world behavior. The Tanner Company 
claims that T-Spice simulates a circuit design with more than 300,000 elements. With 
extremely large circuits, the simulator requires an exponential increase of computer 
resources. To some extent T-Spice can handle very large circuits consisting of linear 
elements like switches or resistors. However, transistors are not linear and are 
approximated by polynomial functions. Because transistors are exclusively used in digital 
designs, the program is not capable of handling a large digital circuit with approximate 


300,000 elements. The DIS design with 32 taplines consists of almost 290,000 transistors 
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and is not simulateable with T-Spice using a transistor model. In order to test the design, 
a switch model can be used to replace the transistor model. This approach will be 
discussed in greater detail in Chapter 9. 

S-Edit (described above) provides a direct link to T-Spice, which makes the 
translation of the schematic design into a SPICE file easy. By adding parameters and bit 
pattern test vectors, the circuit logic can be tested before layout. T-Spice offers only a 
semi-usable algorithm for binary testing. The input data to the circuit are digital and 
coded in a binary form (0=0V, 1=5V), but the output will be in real voltages instead of 
binary words. Therefore the output is of limited use. 

6. The Waveform Viewer W-Edit 

W-Edit is a waveform editor acting primarily as a back-end data processor for the 
data generated in T-Spice. It is designed to display T-Spice simulation output waveforms. 
W-Edit is used to verify the functionality of small circuits like a register cell or a 2 input 


NAND gate. It is not useful for larger circuits. 


B. DIGITAL IMAGE SYNTHESIZER ARCHITECTURE 


This section focuses on the new DIS design (ASIC architecture) and discusses its 
implementation in detail. The ASIC architecture is based on a modified FPGA concept, 
where a tap and its associated range-bin processing is now called a fapline to distinguish 
between the two implementations. The general data flow within a tapline is shown in 
Figure 62. The main differences between the original architecture and the modified 


architecture as implemented in the ASIC are summarized as follows: 
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bo 


Parallel DRFM-phase data input into all (32) taplines simultaneously instead 
of serial inputs through a tap delay line 

Implementation of registers in the data flow of a tapline (pipelining 

Serial summation of the tapline data output in order to achieve the necessary 
delay and to add the output data in correct sequence for the final output 


Built-in scan-path test capability 
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Figure 62. Tapline in ASIC Architecture 
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As illustrated in Figure 62, the DRFM-phase-increment values (0(n)) are one of the four 
inputs for a tapline. So far, the integrated circuit is composed of 32 taplines, which 
synchronously receive (no delay) the same clocked DRFM-phase data for each tapline as 
input. The Phase Adder combines the DRFM-phase data and the phase-increment value 
(A0,). The phase-increment consists of the phase-rotation of several backscatters and is 
generated off chip for the most recent tapline version. The result of the phase addition in 
the phase adder continues to propagate into Pipeline Register 1, where it is available for 
the LUT (Look Up Table) after the first clock cycle. The LUT uses this input as a pointer 
to an address space in the LUT-ROM and stores the resulting I and Q values into Pipeline 
Register 2. After the second clock cycle, the values can penetrate the gain block, where 
the appropriate gain (A,) is applied. After the third clock cycle the values can enter the 
second adder. The adder”s function is to combine the phase data with the phase data from 
the next higher tapline. Figure 63 illustrates this concept of the summation in a simplified 


way. To compensate for not having delay in the input DRFM-phase data, delay 
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Figure 63. Simplified Data Flow in the ASIC Architecture 
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is automatically achieved during the second addition ("Sum" in Figure 63) by using a 
pipelined adder chain instead of an adder tree. Recall that the processed DRFM-phase 
data resulting in a tapline output are of the form P,(D3) + Py+:(D2) + Pys2(D)). In the 
original architecture, this form is achieved by delaying the DRFM-input data at the input 
because it 1s propagating through all available taps. The parallel summation at the end of 
the process gives the above-mentioned form. In the ASIC arcitecture, the adder chain not 
only creates the required delay, it also eliminates the two most significant problems of the 
original design. First, adder chains are easily extensible since additional adders can be 
chained together connecting output to input, as long as the adders do not overflow. If the 
adder overflows, it is a simple process to increase the number of bits for the second adder 
in the VLSI library. Second, in a pipelined ASIC architecture, the total pipeline latency 
from the first input-data to the first output-data is the pipeline latency in the tapline plus 
the pipeline delay of only one adder. Thus, as the number of taplines increases, the 
latency stays the same instead of increasing as with a growing adder tree. Of course, the 
latency from the last phase-data input sample to the last output result does increase, but 
this is inherent in the algorithm being used and occurs in both designs. 

As shown in Figure 62 and Figure 63, every tapline combines its processed data 
with the output data of the next higher tapline. The result 1s a chain of data between the 
first and the last used tapline. Table 19 illustrates this concept. The clock cycles used to 
describe the data flow in the tapline ignore the time necessary to load the inputs into the 
IC. The method of describing the data in Table 19 simplifies this even more and assumes, 
that no time is needed to process the data within a tapline. In this example tapline n (Tn) 


is the first one in a row of three taplines. The output of 7, is the final output, consisting of 
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I and Q values. After clock one, every tapline produces an output with the same DRFM- 
phase data (D;) as input. With clock two, the output of 7442 gets added to the processed 
data (D2) in T,4; and the output of 7,4; gets added to the processed data (D2) in T;. 
Continuing with this concept, the final output is the same as the previously proven FPGA 


architecture. 
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Table 19. Tapline Outputs with Three Taplines 


Remarks for Table 19 
1. A radar pulse consists of 62 samples, where a sample is the DRFM-phase data 


2. Tapline n, n+1, n+2 are the outputs of the three taplines. 
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3. Pn+x(Dy) represents the processed phase-data sample available at the 


designated tapline output. 
Table 19 ignores the time that is needed to process data within a tapline. To complete this 


discussion, Table 20 summarizes the clock cycles needed to process the data within a 


tapline. 








Clock Cycle Output available at 


Output of Pipeline Register 4 (16-bit), end of tapline 














Table 20. Clock Cycles within a Tapline 


Before data can be processed in a tapline, it must be loaded into the chip. Even 
though the loading process requires a certain number of clocks, this section considers 
only the general concept of a tapline. The loading cycles for the chip are addressed later. 

Due to the adaptation of registers between the building blocks of a tapline, a test 
path is installed to improve the testability and functionality for the entire IC. This scan- 
path test capability can be used to strobe values into the registers to produce results for 
special test cases. The test vectors within the registers can then be processed for a 
desirable number of clock cycles before they are read out again. The implemented scan 


path is also part of later discussions. 
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C. SCHEMATIC DESIGN IMPLEMENTATION 


The following section provides information about how the DIS concept is 
implemented in the schematic capture tool S-Edit. Since the program supports design 
hierarchy, the DIS architecture is divided into five design levels. In order to increase the 
signal flow control and the functionality, several control signals are introduced. These 
control signals are also used to indicate the states (valid/not valid) of the output data. 
Furthermore a scan-path test capability is installed to enhance the testability for sub- 
levels during the test phase and to verify the correct operation for the entire IC. 

1. General Design Hierarchy 

S-Edit is a schematic editor to enter an electronic layout or schematic of a circuit. 
It is capable of creating hierarchical circuits by using library elements or self-created 
modules. Tanner provides the customer with a great variety of modules and building 
blocks, but only a few of them are used to build blocks on the lower levels for the use on 
higher design levels. 

The DIS design in S-Edit consists of five levels. The first level uses transistors or 
low-level building blocks like logic gates. Using blocks from lower hierarchy levels 
allows creating higher levels in order to increase the complexity stepwise. This concept 
provides two main advantages: 

1. The logic of the design is more obvious, easier to understand, and easier to verify. 
2. The layout editor L-Edit can use the same hierarchy to synthesize the layout 
stepwise. Since the hierarchical layout process allows a slow increase in the 


complexity, the layout editing is easier, more reliable, more efficient and faster. 
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The following hierarchy tree illustrates the structure of the architecture in S-Edit: 


D 


Level 1 elementary building elements from existing libraries or modified 
library elements. This includes for example, a register cell, an adder cell, a 
Mux2, transistors and all logic gates. 

Level 2 builds on elements from Level 1 to create: 5-to-32-bit decoder part 1, 
5-to-32-bit decoder part 2, the LUT-ROM, Gain Shift, N-bit register, and N- 


bit adder. 


. Level3 makes use of the elements from Level 2 and 1 to build the tapline. 


Level 4 holds the Supertap and the Supertap Mirror consisting of Level 3 and 
level 1 components. 

Level 5 consists of a 5-to32-Bit decoder and extends the concept of Level 4 
components to create the top level circuit with a data input bus, input pads, 


and output pads. 


A complete graphical representation of each building block can be found in the 


Appendix. Also listed are the symbols and schematics for all sub-circuits used for the 


design implementation. 


2. Architecture Circuit Description in Level 1 


a. Basis Elements 


The very basic elements in a digital design are the P-FET and the N-FET 


transistors. These types of transistors are represented only by a symbolic appearance, 


which is specified by a SPICE output statement, as shown in Figure 64. The SPICE 
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Figure 64. P-FET Transistor 


output defines the transistor in ports, gate length and width. Additionally parameters are 
also defined that are not relevant for the current design and therefore are not mentioned 
here. The important parameters are multiples of the technology specific variable lambda 
(1) so that the transistor is scaleable and can be used for different layout processes. Due to 
monetary reasons and availability of certain process runs at MOSIS, we decided to target 
on HP 0.5um process. Nevertheless, if the concept is demonstrated and the IC is fully 
operational, the target process can be easily changed to a smaller (faster) process without 
any changes to the existing design in S-Edit. 

b. Adder Cell 

The adder cell and register cells, as shown in Figure 65 and Figure 66, are 
building blocks to create n-bit adders or n-bit registers. The adder cell can add two 1-bit 
binary input words. The input pads are labeled A and B, where the third input pad, Ci the 
carry-in bit is used to connect two or more adder cells. The carry output pad, Co and the 
output pad S define the 2-bit output word. The function of the cell is described by the 


following two equations: 
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S = invB * invCi + invA * B * invCi + invA * invB * Ci+ A * B * Ci quedo 


Co=A*B+B*Ci+A*Ci (7.2) 





Figure 65. Adder Cell 


To build an n-bit adder, Co of cell N gets connected to Ci of cell N+1. A 5-bit adder and 
a 16-bit adder are part of Level 2 in the hierarchy. 

C. Register Cell 

The register cell, as shown in Figure 66, implements the scan-path test and 
introduces control over the data flow in the tapline logic. The control logic consists of 
hold, load, clock, and the scan path pads. Besides the clock, only one of the control 
signals 1s allowed to become high at the same time. If load goes high, the register 
performs normal operations and "clocks" the input to the output. A logical high for 
"hold" freezes the last processed value and ignores new input data. If all control pads are 
low at the same time, the register is forced to perform a synchronous clear (all outputs 
become low). To construct an n-bit register, Q of cell N must be connected to SRDi of 


cell N+1 and Q of cell N must be connected to SLDi of cell N-1, where the register 
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control pads are connected in parallel. A 2-bit register, a 4-bit register, a 5-bit register, an 
8-bit register, an 11-bit register, and a 16-bit register are part of Level 2 of the design 


hierarchy. 
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Figure 66. Register Cell 


The register cell in Figure 66 consists of 48 transistors for the logic gates and the D-Flip- 
Flop. By using library elements throughout a module, L-Edit can perform the layout 
process without any complication. Nevertheless, this construct has three levels of delay 
and cannot be driven at very high clock speeds. Furthermore, in a tapline there are 94 
register cells. Depending on the number of taplines used for one chip, the layout area 
could be reduced to a more compact design. ASIC designers use Transmission Gates 
(TG) for these purposes. Transmission Gates are basically one P-FET and one N-FET 
transistor connected via drain and source controlled through their gate ports. The control 
signal is spit to provide two signals, the signal itself and its complement. If the control 
signal is high, the TG lets the input data pass. If the control signal is low, the TG blocks 


the input data. The described behavior is identical to that of a simple switch controlled by 
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voltage. Figure 67 shows a register cell using TGs. The control signals in this cell are the 
same as for the register cell in Figure 66 plus their complements needed to drive the 
gates. The controls drive the column of four TG (counting from the bottom) and 
implement the basic register functions load, hold, and the scan path features. At the top of 
the figure, the row of four TGs is responsible for the data output and is basically formed 
out of two latches. The marked point “M” separates the master (left) from the slave 
(right). The clock signal and its complement with a combinational logic of inverters drive 
the gates. Due to the implementation of the clock signal, the master together with its 
slave form a positive triggered flip-flop so that its behavior is quite different from a latch. 
This means that at clock low the master gets loaded with the resulting value out of the TG 
column. If the clock switches from low to high, the loaded value gets stored in the 
master’s second TG and feeds the slave, which is now in loading mode. When the clock 
changes again, the master can load new data, where the slave is in store mode and feeds 
the output. 

The D-Register cell consists of 26 transistors. This is a reduction of 45% 
in comparison to the current used register cells. For a chip with 32 taplines and 95 
registers per tapline, 66,880 transistors could be saved. Moreover, TGs are used for high- 
clock rate circuits and process data faster. In spite of these advantages, the critical factor 
is the coherence of the control signals and its complement. The phase difference for the 
clock in particular must be held at a minimum to ensure correct function at high clock 


speeds. 
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Figure 67. D-Register Cell 


3. Architecture Circuit Description in Level 2 
Level 2 elements are the building blocks for a tapline. 
a. Look-Up Table 
The Look-up-Table (LUT), as shown in Figure 68, is a composition of 
three sub-building blocks that are listed in the Appendix: 5-to-32 bit decoder part 1, 5-to- 
32 bit decoder part 2, and the LUT-ROM. For simplicity during circuit creation, the 5-to- 
32 bit decoder was split into two parts. The two parts together use a five bit binary input 


and convert it into an address space used as input for the Look-Up-Table. A five bit 
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binary number represents 32 decimal numbers. Each of these numbers corresponds to two 
lines in the LUT module. Therefore the five-bit input triggers the corresponding address 
line in the LUT, where the LUT makes the stored value available at the output. Figure 69 


shows only a small part of the LUT-ROM to illustrate the general structure. 
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Figure 68. Look-Up-Table (LUT) Module 


The entire block is shown in the Appendix. The ROM consists of 32 double rows of 
transistors with a length of 16 transistors per row, each divided into two columns. Every 
double row represents a 2 * 8 bit value, the cos (I) and sin (Q) outputs. Placing P-FET 
and N-FET transistors at the wire crossing of row and output pad programs the desired 
output value as shown in Table 21. Recall that this is the same concept as for the FPGA 
architecture. The difference here is that the ASIC architecture combines the table look-up 
for the I and Q phase values in only one table, using the fact that I and Q are always in 


phase quadrature. 
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Figure 69. Part of the LUT-ROM 


Program a “0” Program a “1” 


Set N-FET transistor in row for | Set P-FET transistor in row for 
input pad W, input pad inv_ 


Table 21. LUT Programming 









b. Gain Shifter 

The Gain Shifter “multiplies” the input by performing a shift. The binary 
input pads Gain0 and Gainl, as shown in Figure 70, determine the amount of shift or gain 
applied to the two’s complement input word. Two rows of Mux2 perform the shift of the 
input. The first row connects its “select” input to GainO and the second one to Gainl. If 
select gets high, the Mux2 uses Port A as input otherwise Port B. Since Port A is 
connected to the input of the next lower bit, the row performs a shift of one digit to the 
left. The Mux2s of the second row connect their Port A to the next but one input bit 
performing a shift by two. The equation for a Mux2 is as follows: 

Out 2 MuxA * Sel + MuxB * not Sel (7.3) 


Table 22 illustrates the gain effects on the input and summarizes the shift discussion. 
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Binary Input Gain Multiplication | Effect on binary input word 
Gainl GainO | Factor | Factor 


Beo 9— t . No effect on input word; input = output 


KE Input word gets shifted by one digit to the left, 









For example: Input = 1101 
Output = 11010 










Input word gets shifted by two digit to the left, 








For example: Input = 1101 
Output = 110100 











Input word gets shifted by three digit to the left, 
For example: Input = 1101 
Output = 1101000 






Table 22. Gain Shift 


The gain factor in Table 22 is the integer representation of the two gain inputs. They are 
related to a multiplication factor as specified in the Matlab m-file Range-Doppler- 
Amplitude Map Entry Program described in previous chapters. 

Figure 70 illustrates the concept of the Gain Shift block. It shows the logic 
that leads to the shift of the two’s complement binary input. The Gain Shift block or Gain 
Modulator requires an 8-bit two’s complement input word and two gain-coefficients 
(Gain0, Gainl). Due to the largest possible shift of three positions with gain-coefficients 
of Gain0=1 and Gainl=1, the output word can be an 11-bit two’s complement binary 


number. 
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Figure 70. Gain-Shift Block 


The dynamic range of the Gain Shifter can be calculated as follows: 
DR = 20 * log(max multiplication) (7.4) 
DR = 20 * log(8) = 18 dB (7.5) 
Since a dynamic range of 18dB is not sufficient to counter a sophisticated ISAR, a higher 
dynamic range might be desired for future design implementation. Adding another row of 
Mux2s performing a shift of four easily does the extension. The highest multiplication 
factor for a shift of seven bits is 128, which would increase the dynamic range to 42dB. 
Extending the current gain shifter by even two more rows would increase the dynamic 


range to 90dB. 
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4. Architecture Circuit Description in Level 3 
Design architecture level 3 holds only one, but the most important module, the 
tapline. The tapline combines the modules of Level 2 and Level 1 to form the data 
pipeline for processing as descried earlier. Three different taplines have been created, 
where only two are described here. The third tapline is a realization of the D-Register cell 
implementation and was not tested. 
a. Tapline with Phase-Rotation 
A tapline as shown in Figure 71 is the central building block of the DIS 
architecture since every other block in higher design levels is a multiple of this module. 
The chip capabilities are directly related to the number of taplines implemented in the 
chip. Every additional tapline extends the possible size of a false target. In reference to 
the Range-Doppler Map Entry, one tapline in the hardware represents a single cell in the 
Range-Doppler Map. Currently the chip design contains 32 taplines. Therefore the target 
extent is 32 cells in the “Range-Doppler-Amplitude Map Entry program,” which can be 
related to a physical false target extent of: 
1.2m (for each cell) * 32 taplines = 38.4m (7.6) 
The tapline module allows an unproblematic interconnect of several 
taplines so that a greater target extend can be achieved by adding taplines. A constraint 
for more than 32 taplines is the size of the second adder, as discussed in upcoming 


chapters. 
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Figure 71. Tapline with On-Board Phase-Increment 


Due to the complexity of the tapline, it is split into three sub-blocks for illustration 
purposes. The control signals and the scan-path test are not part of the discussion and are 
excluded for now. The first block is called the phase-incrementer and is shown in Figure 
72. It consists of a 4-bit register, a 5-bit register and a 5-bit adder and requires a 4-bit 
binary input word. The two's-complement binary input is the desired phase-increment 


value wPRI that has to be added to the DRFM-phase data. The phase-incrementer 
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supplies integer multiples of the desired phase-increment (n@PRI ) to the phase data on a 
pulse-to-pulse basis. That is, due to the phase-rotation requirement, the output of the 
phase-incrementer must increase or decrease by the amount of the phase-increment value 
for every new pulse. The increment value supplied to the tapline may be constant over 
several radar pulses (constant Doppler frequency). To achieve this “constant,” the 


increment value is added as the first input for the 5-bit adder, where the connection 
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Figure 72. Phase-Increment Block 


between bit four and five is the sign extension. The adder output goes into a 5-bit register 
that is again connected to the adder in a loop. Due to this construction, the output of the 
5-bit adder is always a n-multiple (n = 1, 2, ...) of the original input. The phase-rotation 
can be adjusted by control signals, which control the registers in this block. The master 
clock controls the overall behavior of the registers. Since a register needs one clock cycle 
to produce a valid output, the Phase-incrementer has a requirement of at least one clock 
cycle before a valid result is present at the output. Therefore the phase-increment in the 5- 
bit register needs to be activated exactly one clock cycle before a new pulse with new 


DRFM-phase data can be processed to produce a valid output. The output is a two's 
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complement binary word, which is the input to the next logical block, the LUT-Module. 
An alternative phase-increment design is described in Section B that allows even further 
flexibility in false target generation. 

The LUT-Module, shown in Figure 73, is the second sub-block of a 
tapline. It consists of a 5-bit adder, a 5-bit register, a LUT for I and Q values, and a 8-bit 
register. The adder takes the DRFM-phase data inputs and the Phase-incrementer outputs 
and adds them. Note that the addition of two 5-bit binary words could result in a 6-bit 
word. This fact can be ignored, since the Phase-incrementer output is a phase value 
repeating over a period of 27. Therefore the adder output, in conjunction with the cosine 


and sine LUT, can also be shown to be periodic over five bits. 
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Figure 73. Tapline LUT Module 
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In continuation with the data flow, the adder output leads into a 5-bit register (Pipeline 
Reg 1), where it is available at the output after one clock cycle. The LUT block takes the 
5-bit input word and uses it as an address to determine the corresponding I and Q values 
in the sine/cosine LUT as described earlier. From this point the signal flow is divided into 
two data channels, which are the in-phase and quadrature values (I and Q). However the 
operations performed on data within the I and Q channel will be the same up to the final 
Output at the end of the first tapline. The LUT output data are inputs to an 8-bit register 
(Pipeline Reg 2) and become available at the output after the next clock cycle leads into 
the last module, the gain and adder block 

The “gain and adder block” is shown in Figure 74 and consists of a gain 
shift block with a gain register, a 16-bit adder, and a 16-bit register each for the I and Q 
channels (compare also with Figure 71). The input to the gain shift is the output of the 
LUT. As described earlier, the gain shift performs a shift of the input data in accordance 
with the specified gain-coefficients. The output results in a two’s complement 11-bit 
word for each channel. After one clock cycle, the values are present at the output of the 
following 11-bit register (Pipeline Reg 3). The following 16-bit adder takes two inputs. 
One is the output of the Gain Shift block, which again requires a sign extension to the 
most significant bit achieved by the interconnection of bits 11 to 15. The second input is 
the output of the tapline that is the next higher in a cascade of 32 taplines. This illustrates 
the concept mentioned at the beginning of this chapter. To recall, imagine that the 
considered tapline is tapline #1. The next higher tapline is #2. After four clock cycles, the 
first outputs at both taplines are available at the gain and adder block output (see Table 


20), where tapline #2 presents its values to the 16-bit adder of tapline #1. With the next 
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clock cycle, tapline #2’s incoming data is added to tapline #1’s data coming out of the 
11-bit register after the gain shift. After the addition in the 16-bit adder, the values are 
presented to the input of the last register (Pipeline Reg 4) in the tapline. After one more 
clock cycle, the values in the form of 16-bit two’s complement words are available at the 
tapline output. The size of the last adder determines the numbers of taplines because all 
Outputs are added at the adder inside the first tapline. A 16-bit adder can be used with 32 
taplines without achieving an overload at the end of the chain. Every multiple of the 


current 32 taplines requires increasing the number of adder bits by one bit. 
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Figure 74. Tapline Gain and Adder Block 





3 









All of the three sub-blocks that have been discussed include control and test signals 
managing the data flow to achieve the physical requirements for the DIS. These signals 
are not part of this section but are discussed in detail later on. Furthermore, there are four 
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1-bit registers on the right hand side shown in Figure 71, that were not part of the 
discussion either. These registers are used to allow particular control signals to penetrate 
the tapline synchronously with the clock. 

b. Tapline with Double Buffering 

Figure 75 shows a modified version of a tapline with double-buffered 
phase data and gain-coefficients. The main body for DRFM-phase data treatment is still 
the same, but the application of the phase data and the gain-coefficients is different. The 
Phase-incrementer is replaced with a double register buffer consisting of two 4-bit 
registers as shown in Figure 76 (compare with Figure 72). The generation of the phase- 
increment is done off chip and can be applied on a PRI to PRI basis. Therefore the 
flexibility is increased, since generation of multiple scatterers (superposition of several 
Doppler phases) are possible within one Range-Doppler-cell. 

For this process, the phase data is stored in the second register while new 
data is loaded into the first register. The phase-increment is normally fixed for one radar 
pulse so that the loading requirements will not reduce the speed of the data processing. 
The only trade off in this design is the resolution in Doppler due to the supplied phase 
data. The phase-rotation in the other tapline design allows a controller to produce 
multiples of the original 4-bit input phase, which could result in a 5-bit output going into 
the phase accumulator. With phase buffering the input is four bits and no phase-rotation 
is done on chip. The phase data must propagate through the registers before being added 
to the DRFM-phase data in the phase accumulator. The phase accumulator requires two 


5-bit inputs to produce the different Doppler phase values. In order to avoid limitations, 


133 













iB A RT Lata] 
E === 
SH! RT 


Tapline New 











Il DES; 3 
P ER == 
o ains mn 





Figure 75. Tapline with Double-Buffered Phase and Gain 
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Figure 76. Phase Buffering 


the least significant bit for the phase-increment data leading into the phase accumulator is 
fixed at zero (grounded). This overcomes a reduction in the range of possible phase- 
increment values since the four input bits are equally spread over a range of five bits. 
Nevertheless the phase-increment data are limited to even decimal numbers loaded as 
binary words. This is considered acceptable for a concept demonstrator, since otherwise a 
major redesign of Level 4 and Level 5 would be required and would postpone the 
fabrication considerably. 

Figure 77 shows the gain-coefficients that are also double-buffered. This 
provides increased flexibility in terms of loading the chip. The gain-coefficients normally 
change together with the phase data with every radar pulse. A logic is required to change 
the new gain at exactly the same time the processed data is present at the gain shifter. 
This logic is not shown in Figure 77, but can be observed in Figure 75. To change the 


gain-coefficients, the control signal activating the phase-increment data penetrates two 
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l-bit control registers. Thus, the control signal is delayed by two clock cycles, which 
represent the time the data needs to reach the gain shifter. Once the control signal is 
present at the second gain register, the register loads the new gain-coefficient from the 


gain register buffer and the gain shifter uses the new gain to perform the shift of its input 
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Figure 77. Gain-Coefficients Double Buffer 


5. Architecture Circuit Description in Level 4 

Level 4 of the design construct in S-Edit pursues the tapline. Figure 78 shows a 
Supertap that consists of 8-taplines connecting the data pipleline in series. The Supertap 
design is not affected by the two different tapline designs mentioned in the previous 
section. The only difference is the name of a control signal that reflects the tapline used 
to construct the Supertap. Form now on, we will consider only the double-buffered 
tapline, as it is used to generate the layout in L-Edit. 

A Supertap has the same control signals and output pads as a tapline. For 
example, the gain-coefficients, the phase-increment values, and the target-extent control 
signals are different for the individual taplines. The target extent signal is discussed under 
the control] signal section and will be disregarded for now. The gain-coefficients and 
phase-increment values are important data for the false target generation, as described 


earlier. 
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Figure 78. Supertap Schematics 


Due to the serial addition in the 16-bit adder for the new architecture (see Figure 74), the 
same DRFM-phase samples serve as inputs for all taplines simultaneously, as illustrated 
earlier in this Chapter. The 2*16-bit input pads on the right hand side of Figure 78 are 
used to cascade another Supertap. Due to this concept of cascading Supertaps, in theory 
any number of Supertaps could be easily chained together almost without any need for 
modifying the existing design. The number of Supertaps is therefore limited only to the 
size of the chip and the current available technology for mask layout. If the desired false- 
target-extent is larger than the available Supertaps that could fit into an IC, several ICs 
can be “daisy-chained” together to increase the possibilities for false target generation. 
For daisy-chaining more than four Supertaps together, the 16-bit adder within a tapline 
needs to expand by one more bit. Every doubling of the used 32 taplines or four 
Supertaps requires one more bit for the adder. 

6. Architecture Circuit Description in Level 5 

Level 5 is the highest level of the current design. As shown in Figure 79, four 
Supertaps are connected to get an overall number of 32 taplines (8-taplines per Supertap). 
A 5-to-32-Decoder is used to control the target-extent control signal in the form of a truth 


table. The required target size can be smaller than the available number of taplines. The 
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decoder generates control signals to “turn on” the needed number of taplines. To 
illustrate, a five bit input word corresponds to decimal numbers between 0 and 31. These 
numbers are directly related to the tapline enumeration as shown in Figure 78. If the 
generation of a false target requires five taplines, the binary input to the decoder is 00110, 
which activates tapline zero to tapline four in Supertap A (lower left corner in Figure 79). 


The schematics of the decoder can be found in the Appendix. 





Figure 79. Toplevel Consisting of Four Supertaps 
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The input and output pads used in Level 5 are summarized as follows: 


Inputs: 


Outputs: 


Supertap D has two rows of 16 input pads each for I and Q values in order to 
connect Supertaps in series. For this layout, they are connected to ground to 
exclude possible side effects based on pending or floating nodes. 

5-bit input for the 5-to-32-Decoder to control the target size. 

A master clock, which is connected in parallel to clock input pads throughout 
all five levels. 

Control signals for the scan-path test (SR, SL, S_P_Test_Rin, S_P_Test_Lin). 
2 * 32 = 64 gain-coefficients (GainO/Gainl for each tapline). 

4 * 32 = 128 phase-increment values (phase, inc0/1/2/3 for each tapline). 

5-bit DRFM-input data (same input for all tapline). 

Several 1-bit control inputs to control the data flow in the chip (load phase, 
delta Phase increment, Range bin valid, Load, Gain, Reg and overflow. in). 


These signals are discussed in the next section. 


Final output for I and Q channel in Supertap A representing the data for the 
false target. This data is imported into Matlab for verification. 

Control signals for the scan-path test (S_P_Test_Rout, S_P_Test_Lout). 

Two 1-bit control outputs to verify the output result of the chip (Overflow. out 


and Data, Processed out)). These signals are discussed in the next section. 


With a total of two gain-coefficients, four phase-increment inputs per tapline, and 32 


taplines for the current design, a total of 192 input pins are required. Adding this many 
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pins to the number of high-speed input and output pins would greatly increase the cost of 
IC fabrication and the complexity and cost of using the finished IC in a system. 
Furthermore, if the number of taplines is increased in the future, this problem would 
become even worse. However, the gain-coefficients and the phase-increment values 
change only at the beginning of a new radar pulse, not on every sample within a radar 
pulse. Therefore, the gain-coefficient and phase-increment inputs are of relatively low 
bandwidth and can be bussed together. To maintain compatibility with off-the-shelf, 
digital signal processing microprocessors and components, a 32-bit input bus has been 
designed for the top-level design. The 64 gain-coefficient inputs for 32 taplines (two per 
tap) are loaded in two bus cycles. The 128 inputs for 32 taplines (four per tap) for the 
phase-increment are loaded in four bus cycles. Table 23 lists the bus cycles and the 


control signals and represents an example for how the inputs could be loaded into the IC. 


Load gain Reg Tap 0-15 Loads the gain-coefficients for tapline 0-15 
2  |Load gain Reg Tap 16-31 Loads the gain-coefficients for tapline 16-31 


I Phase Inc Supertap A | Loads the 4-bit phase-increment value into 
taplines 0-7 


Load Phase Inc Supertap B | Loads the 4-bit phase-increment value into 







taplines 8-15 







Load Phase Inc Supertap C | Loads the 4-bit phase-increment value into 
taplines 16-23 


Load Phase Inc Supertap D | Loads the 4-bit phase-increment value into 
taplines 24-31 


Table 23. Loading Example for the Bussed Inputs 
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The current design can be easily expanded to include more than 32 taplines 
without a further increase in on-chip hardware related to the bus or the number of I/O 
pins. To extend the current design, the gain-coefficient inputs and phase-increment inputs 
from each additional Supertap need to be connected to the bus. Every additional Supertap 
requires its own loading cycle so that the number of bus cycles will increase. 

In Level 5 all inputs and outputs are attached to Pad cells. A Pad consists of a 
Buf4 and a PadIn or PadOut for an input or output respectively; Figure 80 shows an 
output pad. The Pads provide the interface between the chip and the outside world. Their 
primary element is a piece of metal that connects to the pins of the chip via the pad 
frame. Another important element within a pad is a buffer (Buf4). A Buf4 is a cell that 
does not perform any logic function but does provide buffering of logic signals 
(triangular symbol with number four inside in Figure 80). A Buf4 can be driven at high 
speed by a minimum-sized logic gate. It is capable of sinking and sourcing four times the 
amount of current that a minimum-sized logic gate can sink or source. Therefore it is very 
good for driving networks that have a high fan out and have large capacitive loads, such 


as clock and control signals and is used throughout the design. 





Figure 80. Output Pad 


The two types of Pads are distinguishable by their function. PadIn is used to 
connect signals from outside the IC to the on-chip inputs. It provides a bond pad site for a 


wire bond, a static-discharge protection circuit, and logic signal buffering to drive high- 
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fanout and high-capacitate on-chip networks. PadOut is used to connect the IC outputs to 
the off-chip networks. It provides a high-power driver circuit, a static discharge 


protection circuit, and a bond pad site for the wire bond. 
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VIII. ASIC DESIGN: TIMING & CONTROL 


This chapter provides a detailed description of inputs controlling the IC and the 
signal-flow. Furthermore, timing contro] diagrams will illustrate the signal flow within 
the IC and demonstrate the use of the control signals to achieve a correct data output. 
Moreover, the concept of scan-path testing is discussed and illustrated as an example for 


the tapline implementation. 


A. CONTROL SIGNALS 


At this point it should be mentioned that the master clock exclusively controls all 
control signals. Due to this setup, the data processing can be controlled precisely in the 
data pipeline, where a pipeline is the data flow within a tapline. 

The Scan-path test consists of several inputs and outputs and will be discussed in 
more detail later. The associated ports are: Scan-path test Left Out (S_P_Test_Lout), 
Scan-path test Right Out (S_P_Test_Rout), Scan-path test Left In (S_P_Test_Lin), Scan- 
path test Right In (S_P_Test_Rin), Shift Right Data In (SRDi), Shift Left Data In (SLD), 
Shift Right (SR), and Shift Left (SL). They are mentioned here briefly for introduction 
purposes because they are used in the following description. 

1. Clock 

The clock (CLK) is the most important contro] signal throughout the IC. Every D- 
Flip-Flop used passes its input data to the output when the clock signal is high. This 
concept is called “positive edge” clocking. Since the clock driven register cell is the basic 


element of a n-bit register, the entire data flow is clock controlled. With the clock 
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changing from low to high, the data transports one step further down in the tapline 
pipeline and allows total control over the internal control signals and the data processing. 

2. Load 

Load (LD) is a signal to control the behavior of the registers. Due to the structure 
of the register cell, the signals Shift Right (SR), Shift Left (SL) and Hold (HLD) have to 
be low when LD is high. Otherwise the register cell is in an undefined state and will 
produce erroneous results. Load is the mode for normal operation. If LD is high, the data 
can penetrate the pipeline controlled by the clock. If LD is low, the chip is principally in 
a special mode, where the other control signals, such as, Hold or Shift Right can be used. 

3. Hold 

Hold (HD) is one of the register cell signals that can be exclusively high for a 
certain performance within a register. If HD is high, SR, SL and LD have to be low. Hold 
is used to store or hold a value within a register that should not change over the clock 
period. The input data bits to a register with HLD high are simply ignored and the last 
data within the register are retained. This concept is used to achieve buffering for the 
gain-coefficients and the phase-increment data. Since these data bits are used within a 
period of a radar pulse, they are stored in registers and made available for subsequent 
processing using the clocked DRFM-phase data. 

Hold, Load, Shift Right and Shift Left are the key control signals for every 
operation. As mentioned earlier only one of these signals is permitted to be high within a 
clock cycle, or the IC will be in an undefined state. However, if all control signals are low 
at the same time, the register performs a special function, the synchronous clear. A 


synchronous clear forces the register to reset and sets all output bits to low (zero). This 
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function is used as initialization before data is loaded into the IC and for the two 11-bit 
registers leading its output into the 16-bit adder. The 11-bit register’s LD signal is 
connected to a two-input AND gate. The gate inputs are connected to control signals in 
such a way that they signal if data is present or if data is not present at the gain shifter. If 
data is present, the register will perform a normal load. If no data is present, it will 
perform a synchronous clear and zero the output. The requirement for this operation is 
due to the way the data is summed in the 16-bit adder. The DRFM-phase data penetrate 
all taplines simultaneously. Therefore tapline 2 to 32 will still have valid data in the adder 
chain, where as tapline 1 is already finished with its data processing. The rest of the data 
is clocked through the adder chain, consisting of the 16-bit adders within the single 
taplines. No data is allowed to influence the continuing data transport at this stage. 
Therefore it is necessary for the idle tapline not to have any undefined data present at its 
16-bit adders. The synchronous clear function will guarantee that this input (A input row 
of the 16-bit adder) is zero. 

4. Load Phase Increment 

Load Phase Increment (LD Phase Inc) is a control bit that affects the two registers 
in the phase-increment block in order to signal a change for the phase-increment value. 
The signal performs the same operation for both described taplines. If LD Phase Inc and 
LD are high, a new phase value gets loaded into the first phase-increment register. For 
the rotation phase tapline, the second register performs a synchronous clear to reset the 
phase-rotation, whereas the second register in the double-buffered tapline design remains 


unchanged. If LD Phase Inc is low and LD is high, the Phase Inc Reg in both designs is 
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in a hold mode, in order to keep the phase-increment value constant over the duration of a 
radar pulse. 

The gain-coefficients and the phase-increment values are transported on a 32-bit 
bus. There are four phase-increment bits per tapline and 32 bits for a Supertap, therefore 
the chip needs to load a total of 128 phase-increment values to be able to process DRFM- 
phase data. Since the bus has a length of 32-bits, four bus cycles are needed to load the 
gain-coefficients, controlled by the signals “Load Phase inc Supertap A-D.” These 
signals are equivalent to the controls to LD Phase Inc on the top level of the chip. They 
perform the same operation and trigger the tapline controls. 

5. Delta Phase Increment 

Delta Phase Increment (Delta Phase Inc) is a control signal for the Phase-Rotation 
Register (Phase Rot Reg) and is used only in the tapline with on-chip phase-rotation 
instead of double-buffered coefficients. Since a CHIRP pulse or radar pulse is divided 
into samples and the phase should only rotate once for every pulse, the phase-rotation 
value has to be incremented between pulses. If Delta Phase Inc and LD are high, the 
phase-increment can “rotate” under control by the clock. The resulting value will be 
added to the DRFM-input data. If Delta Phase Inc and LD Phase Inc are low, the Phase 
Rot Reg is in a hold mode and the phase-increment value (input for the Phase 
Accumulator) is fixed. Before processing a new Radar pulse, the phase has to rotate once 
to produce the new phase value. 

6. Use Phase Increment 

Use Phase Increment (Use Phase Inc) is the substitute for Delta Phase Inc in the 


double-buffered version of the tapline. In this case the phase-increment data has to pass 
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through two registers in order to arrive at the phase accumulator. With Use Phase Inc and 
LD high, the data can flow from the buffer register into the phase-increment register. 
Furthermore the same control signal propagates through two more control registers to 
adjust the loading of the gain-coefficients at the proper time, since gain and phase usually 
change collectively. Thus the controller is free from initiating the gain change to 
correspond to the phase change. 

7. Load Gain Register 

Load Gain Register (LD Gain Reg) affects the behavior of the gain register (the 
buffer for the double-buffered tapline) in order to signal a change of gain data within a 
tapline. To load new gain data, LD Gain Reg and LD must be high at the same time. If 
LD Gain Register is low and LD is high, the gain register is in a hold mode. 

The gain-coefficients and the phase-increment values are bused on a 32-bit bus. 
There are two gain-coefficients per tapline and 16 coefficients per Supertap. Therefore 
the chip needs to load 64 gain-coefficients values to be able to process DRFM-phase 
data. Since the bus has a length of 32-bits, two bus cycles are needed to load the gain- 
coefficients controlled by “Load Gain SupTap AB” and “Load Gain SupTap CD.” Load 
Gain SupTap AB/CD are the equivalent controls on the top level of the chip. They 
perform the same operation and trigger the tapline controls. 

8. Target Extent 

The Target Extent (Tgt Extent) control is used to activate or deactivate taplines in 
accordance with the appropriate size of the false target. The current design is able to 
handle a false target up to 32 cells corresponding to the in Matlab constructed Range- 


Doppler map. For a small false target, less taplines are needed to create the target. In 
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design level 5 a 5-to-32-bit decoder uses a truth table to adjust the required taplines in 
dependency of the target size. If the target generation requires, for example only 12 
taplines, the Tgt Extent for the first 12 taplines is high. The Tgt Extent for the other 
taplines is low and the output values are ignored. 

9. Range Bin Valid 

A tapline needs four clock cycles to produce a valid output. Range bin valid goes 
high when new DRFM-phase data are presented to the input of a tapline. The bit 
penetrates through 1-bit register cells to the Data Processed Out pad. If Data Processed 
Out goes high, the output from the tapline is fully processed and the output is valid. As 
long as Data Processed Out is low, the clocked output must be ignored. 

Besides the normal function, there is an interaction between two controls at this 
point. The Range bin valid control string feeds the two input AND gate for the Pipeline 
Register 3 as mentioned in VIII.A.3. If the Range bin valid is low, the register after the 
gain-shift block gets cleared with every clock cycle. Recall, that a higher tapline can 
produce valid results, even if a lower one cannot. Consequently the lower tapline is not 
allowed to add undefined data to the valid output of a higher tapline and must be cleared. 

10.Valid Result In 

Valid Result In performs a similar operation as Range bin Valid. It connects to the 
Valid Result Out port of the next higher tapline. If the next higher tapline produces a 
valid output that leads into the lower tapline, Valid Result In is high and the next lower 
tapline produces a valid output with the following clock, although it may not produce any 


valid data within its own gain-shift block. 
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11.Overflow In/Out 

Overflow In is an error-checking signal from the next higher tapline. If a higher 
tapline produces an invalid output due to an overflow in the 16-Bit-Adder, the entire chip 
output will become invalid. Overflow Out is the pipelined output to flag data produced by 


a 16-bit adder overflow. 


B. TIMING CONTROL 


The clock controls the normal mode of operation. Several control signals have to 
interact in order to ensure correct DRFM-input data treatment. In other words, the 
Operator needs to know the timing relationship for functions, such as bus loading, 
DRFM-phase data input, and data read out. The best method to demonstrate the 
complicated timing contro] is with an example. The example in Figure 81 shows the 
timing diagram for the initial loading phase and Figure 82 shows the timing constraints in 
terms of clocks for the initial loading phase and the time between two radar pulses. In the 
diagrams, the clock is set to 5nsec low and 5nsec high so that one clock cycle is 10nsec. 
Moreover, for illustration purposes, multiple input and output bits are collapsed into a 
single bit. 

1. Initial Loading Phase 

Before data processing can begin, the IC should be initialized, clock 0-10nsec, as 
shown in Figure 81. This will clear all registers with a synchronous clear and set the 
control bits to a defined state. The next six clock cycles are reserved to load the gain- 


coefficients and the phase-increment values through the 32-bit bus. From these six clock 
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cycles the first four are required to load the phase-increments for all four Supertaps. This 
involves interacting with the controls and is summarized as follows: 
1. Supertap A loads its phase-increment data during the first of the six clocks. 
For this purpose the corresponding data are presented to the 32-bit input bus 
and the control “LD Phase SuptapA” is high for this particular clock. 
2. Supertap B loads its phase-increment data during the second of the six clocks. 
For this purpose the corresponding data are presented to the 32-bit input bus 
and the control “LD Phase SuptapB” is high for this particular clock. 
3. Supertap C loads its phase-increment data during the third of the six clocks. 
For this purpose the corresponding data are presented to the 32-bit input bus 
and the control “LD Phase SuptapC” is high for this particular clock. 
4. Supertap D loads its phase-increment data during the fourth of the six clocks. 
For this purpose the corresponding data are presented to the 32-bit input bus 
and the control “LD Phase SuptapD” is high for this particular clock. 
The following last two clock cycles are used to load the gain-coefficients for the 
Supertaps and move the buffered phase-increment data into the next register: 
5. Supertap A and Supertap B loads its gain-coefficients during the fifth of the 
six clocks. For this purpose the bus pads “BusQ” to “Bus15” are the inputs for 
Supertap A and “Busl6” to “Bus32” are the inputs for Supertap B. 
Additionally, the controls “LD_Gain_SupTap_AB” and “Use Phase Inc” are 
required to be high for this particular clock, where “use Phase Inc” moves the 


buffered data into the registers for data treatment. Due to the delay 
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propagation of the Phase Inc control, the buffered gain-coefficients move after 
two more clock cycles into the register for data treatment. 
6. Supertap C and Supertap D loads its gain-coefficients during the sixth of the 
six clocks. For this purpose the bus pads “Bus0” to “Bus15” are the inputs for 
Supertap C and “Busl6” to “Bus32” are the inputs for Supertap D. 
Additionally, the control “LD_Gain_SupTap_CD” is required to be high for 
this particular clock. 
Thus, seven clock cycles are needed before the first DRFM-phase data can be read into 
the taplines. Due to the pipelined structure of a tapline, the data treatment demands four 
more clock cycles before the first valid output is present at the first tapline (clock 70- 
100nsec). During these four clocks, the phase-increment and the gain are applied to the 
DRFM-phase data and the resulting data adds up with the output data from other taplines 
in the 16-bit adder. In summary, eleven clock cycles are required before the first valid 
output is observable at the output. The “Data Processed Out” control signal is an 
indicator for valid results. As long as this control signal has a high output, the 
corresponding output for the I and Q channel are valid and can be used for false target 
generation. After initialization the DRFM-phase data for the first radar pulse can be 
processed within the taplines. The time between two radar pulses requires some attention 
again and is discussed in the next sub-section. The initialization for the second Radar 
pulse is the same, as it concerns the loading phase with phase-increment data and gain- 
coefficients. Nevertheless the register initialization with a synchronous clear is not 


required. 
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During the time of loading and data processing, LD is high except for the 
synchronous clear at the very beginning. All other register control signals like the scan- 
path controls and HLD are low, since this is the defined state for normal operation. 
Moreover, the target extent as defined through level 5’s 5-to-32-bit decoder activates the 
taplines. The example in Figure 81 assumes all taplines active and shows the 


corresponding decoder inputs (Tgt Extent In 0-4) as high. 
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Figure 81. Timing Diagram for the Initial Loading Phase 


2. Timing between Radar Pulses 

After processing all DRFM inputs for one Radar pulse, there are still valid results 
in the adder chain propagating in direction of the first tapline in the row. The time 
between two radar pulses is much greater than the time between the samples. Therefore it 
is desired to read out the rest of the data. For example, assume 62 DRFM-phase samples 
for one radar pulse and a requirement for 32 taplines, where the 62°° DRFM input is 
processed parallel in all taplines and now reside in the corresponding 16-bit registers. The 
16-bit register of the first tapline is the chip output. Therefore its output is already read 
out, but 31 outputs need to be clocked through the chain. Consequently, 31 clock cycles 
are required to read the rest of the remaining data. Figure 82 shows that the DRFM input 
is low during this time and does not contain any data for processing. As mentioned 
earlier, the 11-bit register within a tapline not containing any valid data needs to be 
cleared since it leads into the 16-bit adder. Therefore the control Range-bin valid needs to 
change from high to low after the last DRFM-phase data gets loaded into the taplines. In 
View of the fact that the taplines are basically idle during the read out of the processed 
data, the time is used to load the phase-increment data and gain-coefficients for the next 


radar pulse. 
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Figure 82. Timing Diagram between Two Radar Pulses 
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C. SCAN-PATH TESTING 


The design of a workable system solution for a given problem is only half of the 
work. Furthermore one must also be able to test the system to a degree, where it can be 
ensured that the system is fully functional with a high confidence level. In very small- 
scale digital systems, tests can be performed exhaustively, where the system is exercised 
over its full range of operating conditions. This method is not an economical or useful 
approach to verify the functionality. Therefore other strategies are necessary to perform 
proper testing. The scan-path methodology is probably the most widely used technique 
for testing those parts of a integrated circuit that are constructed of clocked flip-flops 
interconnected by combinational logic. As illustrated in Figure 83, the scan path can be 
implemented into a simple circuit very easily. When the circuit is put into test mode, one 
can shift an arbitrary test pattern into the register. By returning the circuit to normal mode 
for one clock period, the contents of the scan register and primary input signals act as 
inputs to the attached combinational circuitry and new values are stored in the register. If 
the circuit is then placed into test mode again, the controller can shift out the contents of 
the scan register for comparison with the correct response. 

By using test points, one can easily enhance the absorbability and controllability 
of a circuit. The scan-path register effectively provides such test points, whereas in FPGA 
design the implementation of Tristate-buffers is necessary. To control the test points in a 
scan-path test several control signals are implemented to adjust the mode of operation. 


Table 24 lists the signals used for the scan-path test in the new DIS design. 
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Figure 83. Register Cell 


SR (Shift Right) Input pad to control function of register. If high, the 
SL (Shift Left) 
every clock cycle. All other control signals have to be 
low (HLD, LD, SR) 


SRDi (Shift Right Data in) Test data input pad from right front end of scan-path 
test 









data within the register will be shifted to the right with 






every clock cycle. All other control signals have to be 
low (HLD, LD, SL) 







Input pad to control function of register. If high, the 






data within the register will be shifted to the left with 













SLDi (Shift Left Data in) Test data input pad from left front end of scan-path test 
SRDo (Shift Right Data out) | Test data output pad for a right shifted output 
SLDo (Shift Left Data out) Test data output pad for a left shifted output 


Table 24. Scan-Path Test Control Signals 
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A scan path register is a serial cascade of scan path register cells whose inputs and 
Outputs are connected to the internal logic of a chip as illustrated in Figure 84. During 
normal operation, the LD signal is asserted and the logic value at the inputs DO and D1 
reach the outputs QO and Q1 after one clock cycle. When on the other hand the SL is 
asserted during test mode, the logic value at SLDi arrives at Q1 one clock cycle later and 
continues propagating to QO with the following clock cycle. When SR is asserted during 
a test, the logic value at SRDi arrives at QO one clock cycle later and continues 
propagating to Q1 with the following clock cycle. If the chip is still in test mode, the 
values keep propagating in the forced direction through all the connected registers in the 


scan path. 


BISIGIG 





Figure 84. Schematics of a 2-Bit Register 
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In summary, the scan-path test can be used for two valuable testing functions. 
First, a certain test setup can be tested, where test data is placed in every register of the 
chip. After loading the test data via the scan path, the chip is put into normal operation 
mode and the resulting outputs can be observed at the output for examination. Second, 
after normal operation all stored data in the registers can be read out by using the scan- 
path shift option to move the register data to the left or to the right. The results can be 
examined by comparing them with calculated values. The scan-path test implementation 
for a tapline with phase-rotation on-chip is shown in Figure 85. The path between the 
taplines within a Supertap and beyond is simply realized by a serial connection of inputs 
and outputs. The scan chain from the toplevel point of view connects tapline 0 to 31 in a 
long row of registers. To give an overview about the number of bits penetrating through 
the scan chain, imagine the following calculation: 90 bits are used in the registers of one 
tapline, where 32 taplines are implemented in the chip. This will result in 90 * 32 = 
2,880 values to read out for the complete scan path. A double-buffered tapline has 94 
register bits. Therefore the length of the scan path on the toplevel is even higher with 


3,040 values. 
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Figure 85. Scan Path in a Tapline with Phase-Rotation On-Board 
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IX. ASIC DESIGN: SIMULATION 


This chapter is dedicated to circuit verification with simulation using the circuit 
simulator T-Spice. It provides useful information about simulation parameters and semi- 
digital simulation. Two examples are used to illustrate the testing concept. The first 
example is the two-tapline test case, where the regular transistor model is used to perform 
the simulation. The second example is the 32-tapline chip where a switch model replaces 


the transistor model to reduce simulation time and complexity. 


A. T-SPICE SIMULATIONS 


Two goals are established by doing the simulation in T-Spice. First and foremost, 
the correct logical implementation needs to be verified, which includes the check of each 
connection between elements (wire connections). The second goal is to prove the proper 
implementation of the developed algorithm within the circuit. This section describes how 
the simulation is done in T-Spice. Simulating a smaller part of the entire circuit design 
and comparing the results to the Matlab simulation achieves the verification of the circuit 
functionality. 

S-Edit supports a direct export of a schematic layout into a T-Spice readable 
SPICE format. The exported SPICE file contains only circuit information, but does not 
contain test-commands or test-vectors. Therefore several lines of code have to be added 
to create a valid simulation file that can be used in T-Spice. To illustrate the test concept 
in T-Spice a 2-bit register is used as example. Table 25 contains parts of the 2-bit-register 


SPICE file that are used for simulation. 
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T-Spice is not a logical circuit simulator, but can perform various analog 
simulations like DC-analysis and frequency sweeps. Nevertheless, T-Spice can make use 
of the “bit” command to push binary inputs into the input pads of the circuit 
representation. The voltages are OV for a logical zero and 5V for a logical one. By 
defining the inputs as voltage sources, T-Spice analyses the input vectors, calculates a 


DC operating point, and calculates the defined output pads in form of voltages. 
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Defines the voltages between 0V 
Vdd Vdd Gnd DC 5 
(Ground) and +5V DC 


Reads the file input_table2Reg.md, 
.include "D:\Chris\Thesis\schematics\testfiles\ 
Register\2Bit\input_table2Reg.md" 






which is an text file containing all input 










used during simulation 
The option command customizes the 


simulation. PRTDEL sets the reading for 





.options prtdel=80n 







output pads to exact every 80nsec 








Performs a transient analysis with a 


maximum step size for calculations of 





.tran 10n 800n start=70n JOnsec, a simulation stop time of 





800nsec and an offset for the first output 







reading of 70nesc 







.print tran 
"D:\Chris\Thesis\Schematics\testfiles\ 
Register\2Bit\Inputs.out" V(CLK) V(SL) 

V(SR) V(SLDi) V(SRDi) V(LD) V(HLD) 
V(DO) V(D1) 










The print tran command is used to define 










the monitored output pads and the file in 


which the records are saved. The file 





“Inputs.out” records all control signals 







and the inputs of the register, whereas 










.print tran the file "Outputs.out records only the 
"D:\Chris\Thesis\Schematics\testfiles\ 


Register\2Bit\Outputs.out" V(Q0) V(Q1) 


outputs of the register. 








.param ]=0.05u Specifies the wavelength as 0.05um 












Includes the transistor parameters for the 


target process (MOSIS — HP 0.5m) 






include 


"D:\Chris\Thesis\ModelParammod.md" 








used for the simulation. 






Table 25. T-Spice Simulation Commands 
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Below is an example of the input vectors for the 2-bit-Register simulation. 


VinDO DO Gnd bit 


VinD1 D1 Gnd bit 


VinSRDi SRDi Gnd bit 


VinSLDi SLDi Gnd bit 


VinHLD HLD Gnd bit 


VinLD LD Gnd bit 


VinSR SR Gnd bit 


VinSL SL Gnd bit 


VinCLK CLK Gnd bit 


The input vectors are defined by name for the voltage source (input pad) against ground, 
bit pattern used as inputs for the voltages sources, the definition of zero and one, pulse 
width (pw) of the signal, rise time (rt), and fall time (ft) in nano seconds. The registers are 
constructed for using a positive edge triggered clock. This means that all signals have to 
be changed and stable before the clock switches from low to high. A change of a value 
after the clock goes high cannot be processed properly. As an illustrated example in 
Figure 86, the clock starts low (zero Volts) for a time of 40nsec and switches to high (five 


Volts) afterwards. Consequently, the entire clock cycle is 80nsec, which corresponds to 


({0010111111} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0001011111} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0000000000} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0000000011} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0000100000} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0111010000} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0000001100} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 
({0000000011} on=5.0 off=0.0 pw=80n rt=0.1n ft=0.1n 


({01} on=5.0 off=0.0 pw=40n rt=0.1n ft=0.1n 


the pulse width of the input signals. 


The above-mentioned input values are used to test the behavior of the 2-bit- 


Register under normal and test-mode conditions. Table 26 illustrates the basic test 


concept and the relation between the control signals in T-Spice. 





40nsec 8Onsec 120nsec 160nsec 


Figure 86. Positive Edge Triggered Clock 
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Table 26. Test Concept of a 2-Bit-Register 









The test mode signals are in direct relationship to each other because only one input of 
SR, SL, HLD, and LD can be high at the same time to perform a legal operation in test 


mode. 
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During the transient analysis, T-Spice uses the input vectors to determine the 
voltage values for the outputs. The determined values are saved in the predefined files 
and the transient analysis results are automatically stored in a separate file. These 
transient results can be used to probe at circuit nodes of the schematic layout in S-Edit. 
Probing calls W-Edit automatically and creates a graphical output of the voltage versus 
time for the probed node. The user defined output files, which contains the simulation 
results, hold exact voltage values in the region between OV and SV, as shown below in 
Table 27. The analog output values distinguish between one and zero. The output values 
are analog voltages and the results must be sent through a hard limiter to get a binary 
output table in order to compare the results with the correct binary output pattern 


produced by Matlab. 


3.1000E-07 8.6684E-08 5.0000E+00 
07 











V (Q1) (Volts) 


Table 27. Output Table for the Transient Analysis of a 2-Bit-Register 
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In very small-scale digital systems, tests can be performed exhaustively, where 
the system is exercised over its full range of operating conditions. This kind of test was 
used to simulate the elements of Level 1 and 2 of the design hierarchy, as exercised for 
the 2-bit-Register test case. However, for higher-level elements the input values were 
chosen more carefully to simulate only critical cases. By increasing the number of sub- 
circuits, the simulation time and the amount of required computing power increases in an 
almost exponential manner. For a Supertap simulation (level 4), a PC with Pentium II 
processor and 768MB RAM could not satisfy the need for resources by the T-Spice 


simulation. 


B. 2-TAPLINE SIMULATION 


Due to the limitations in available computer resources, we decided to prove the 
algorithm with a 2-tapline circuit using a transistor model. The setup is shown in Figure 
87. The Matlab programs discussed earlier produces a set of input DRFM data for 10 
radar pulses with 15 samples each. After simulation, the “hard_limiter2Taps.m” Matlab 
program converts the results into a binary form. Then, the data is translated into decimals 
and plotted in Matlab. Matlab also performs the same simulation so that the outputs of 
both simulations are comparable and so the T-Spice simulation can be verified. The 
following figures and tables give an overview about the setup and the obtained results. 

This particular simulation needs a special setup in the Matlab test environment. 
The range-Doppler-amplitude map entry program is modified for the 2-tapline test case 
so that only 10 radar pulses with 15 samples per pulse (150 DRFM data) are used to 


decrease the simulation time in T-Spice. Since two taplines are used, only two cells in the 
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range-Doppler map are defined for the false target generation, as shown in Figure 88. The 
setup for the amplitude (gain-coefficients) and the Doppler Shift (phase-increment data) 


are Summarized in Table 28. 
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Figure 87. 2-Tapline Test Case 





Target Cell | Range Cell | Doppler Cell | Amplitude | Doppler Shift 


Table 28. Matlab Inputs into the Range-Doppler Map 
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Figure 88. Modified Range-Amplitude Entry Map 


The rest of the Matlab simulation follows the same path as described in Chapter 4. The 
values in Table 28 can be translated into T-Spice test vectors, which specify the input 
parameters for the gain-coefficients and the phase-increment values to the taplines. The 


corresponding values are listed in Table 29. 


Tapline | Range Cell | Doppler Cell 
Coefficients 


PA LE 
OT cob aoc e s E 


Table 29. T-Spice Inputs for Gain and Phase-Increment 






Phase 





Gain 















Increment 






Table 30 shows only a small part of the input vectors used for this test case, but it 


explains the interaction between input control signals. input vectors and the output 
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values. Note that Phase 0-4 represents the 5-bit DRFM-phase data input to both taplines. 
Also, the first input performs a synchronous clear to zero all registers. A radar pulse 
consists of 15 samples, where sample by sample is read in controlled by the clock. Note 
also that the gap between the radar pulses is manually set and not part of the DRFM- 
phase data. This gap is required to read out the processed value in tapline 2 that is still in 
the adder chain. Therefore one clock cycle between the radar pulses is required to read 
out the last final output. Setting range-bin valid to low between the pulses clears the 11- 
bit register in the taplines to ensure that no undefined data gets added to the last valid 
output. The delay of one output produces the 16% output value for only 15 input samples. 
After the last processed phase sample in tapline 1 reaches the final output through tapline 


0, the first fully-processed sample from the next radar pulse is already present for output. 
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Radar Pulse 3 





Input Pad ES Radar Pulse 1 Radar Pulse 2 
Name 


Fiesch ` 0 | 0011010100001 10 0, 001101010000110 I 001101010000110 
Phasel 000100000011111 000100000011111 000100000011111 
E - 2 

[Phase2 j0 | 001110100100110 o 001110100100110 H 001110100100110 
Pesch f0 000101010011111 D 000101010011111 jo 000101010011111 


 Phase4 — [0 | 000001110100010 A di 000001110100010 e 000001110100010 


E- aia... 000000000000000 000000000000000 
Phase inc 

E, 100000000000000 y 000000000000000 D 000000000000000 
Inc 


LD Gain | Gain (0 | 0000000000000 o 100000000000000 jo 100000000000000 


E Gesell 111111111111111 111111111111111 
bin valid 


Table 30. Input Data for the Three Radar Pulses as used in the 2-Tapline Test 













Table 31 shows only the first 22 clock cycles out of 171. The I and Q values are 
listed in form of most significant bit to least significant bit. The first five clock cycles are 
needed to process the first input, where the first output is a synchronous clear. Bus cycles 
are not required for a 2-tapline-test, but have to be included for a 32-tapline-test. Clock 
19 and 20 are the last outputs from radar pulse 1. Due to the delay just described, sample 
15 will produce two outputs. The phase outputs for both channels are 16-bit two’s 
complement words. To verify the results, the outputs are converted into decimal numbers, 
in order to plot them in Matlab. The Matlab simulation produces similar results to 


compare both simulation output against each other. 
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Table 31. T-Spice Simulation Outputs (hard limited) 
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To extend the 2-tapline-test case to x-number of taplines, a controller must set the “range- 


bin valid” control bit for at least x-1 clocks to low between two radar pulses. Due to the 


eZ 


shifted read out, a similar delay as for the FPGA design is achieved. Furthermore, the 
delay requirement produces additional outputs, 
number of DRFM samples per pulse + (x—1) = number of outputs. (9.1) 
After the T-Spice simulation results are transformed into a decimal representation, 
the controller can process the results in Matlab. Figure 89 shows a two-dimensional 
contour plots for Matlab (upper plot) and T-Spice (lower plot) simulation results in 
comparison. By visual inspection there is no obvious difference in the preliminary 
simulation results. Figure 90 shows the results in a 3D view and the graphical 
representation of the difference between the two simulations. Since the difference is only 
a plane at level zero, there is no difference. Thus, the simulations produced the same 
results and the proof is complete. Figure 91 exploits the T-Spice simulation results in a 


single graph and identifies the specified gain-coefficients for the obtained results. 
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Figure 90. 3D Plot of the Simulation Outputs and Their Comparison 
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Figure 91. Exploit T-Spice Simulation Results 
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The 2-tapline test case illustrates the testing procedure and can be a guide for 
future testing. Transistor models, as used in this case, are non linear. Unfortunately T- 
Spice quickly reaches its limits simulating larger digital circuits. The simulation time 
increases almost exponential for large circuit simulation and often results in program 
crashes. The next section offers a method, which indicates how to partly overcome these 
problems. A simplification of the primary element in a digital circuit, the transistor, will 


reduce simulation time and increase the simulatable size of the circuit. 
C. SIMULATION OF THE 32-TAPLINE CASE 


Two approaches have been tested to find an efficient way for testing larger digital 
circuits. The first method is to replace every single logic gate with a gate definition. The 
gate definition will replace the gate circuit, e.g., 2NAND, and substitute it with a table of 
predefined output values. With this substitution the transistor layer could almost be 
completely eliminated. Unfortunately the code for the replacement is not fully developed 
and cannot be used for larger circuits. The second method tries to reduce the complexity 
of the transistor model itself. For this approach the transistors are replaced with simple 
switches. 

1. Switch Model 

The replacement of every transistor in the circuit with a simple switch reduces the 
computational requirements in the simulator tremendously. As shown earlier, the 
transistor definition is done in S-Edit. The definition for the P-FET and N-FET transistor 
calls the model in the SPICE-OUTPUT definition. By changing this line, a new model 


can be called. The new definition is: X${T} %{D} %{G} %{S} %{B} NMOSX. This 
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line defines the ports of a transistor, gate, source, drain and base. NMOSX is the new 
name for the transistor definition in switch form, e.g., definition for a N-FET switch. 
Since the definition of the transistors is changed in Level 1, the entire design circuit is 
affected by this change. Every module calling a transistor will use the switch instead. The 
schematic layout is still the same, but the mathematical behavior during the SPICE 
simulations is simplified. 

2. Test Setup 

The test setup in T-Spice is basically the same as for the two tapline test case. 
Even so, the circuit i5 more complex and contains approximately 16 times more nodes. T- 
Spice can handle circuits up to 300,000 elements. With 32 taplines, the circuit has 
290,604 elements. This 1s very close to the limit and involves a lot of adjustments and 
initialization to get the simulation to perform. 

a. Simulation Commands 
S-Edit provides the SPICE translation of the schematic circuit 

automatically. After the SPICE definition is imported into T-Spice, it has to be modified 
with simulation commands and initialization commands. The following is an excerpt 
from a modified SPICE file ready to simulate: 

1. Vdd Vdd Gnd DC 5 

2. .include "D:\input_table_ship.md" 

3. include "DAModelSwitch.md" 

4. .options prtdel=400n numnt=150 abstol=500n reltol=0.01 


5. .tran 400n 17200n start=390n 


176 


Line one defines the voltage range between zero and five volts. Line two includes the test 
vectors for the simulation. The vectors are defined with the already introduced “bit” 
command. Line three is the definition for the transistor model, which defines the P-FET 
and N-FET transistors as switches. The definition is simple, but effective: 

* Switch-level model definitions for NFETs and PFETs. 

.model SWMODN SW VT=2.5 ron=1e12 roff=4000 dv=1 


‘model SWMODP SW VT=-2.5 ron=4000 roff=1e12 dv=1 


SUBCKT NMOSX DGSB 
S2 D S G B SWMODN 


.ENDS 


SSUBCKT PMOSX DGSB 

SISDGBSWMODP 

.ENDS 
The first block defines the switch behavior 1n general. For both switches the threshold 
voltage in both directions is 2.5 Volts, where the resistance values are inversed between 
N-definition and P-definition. The resistance determines the switch behavior. Since a P- 
FET pulls the output high and a N-FET pulls the output low, the resistance values have to 
be inverted. A value of lel2 correspond to an open switch, where 4000 is a closed 
switch with 4000Q resistance. The sub-circuit definitions are called by the simulator due 
to the include statement in the third line. The model’s sub-circuit defines the order of the 


transistor nodes so that the switch behaves as expected. 


Li? 


Line four in the SPICE excerpt customizes the simulation. As before 
pridel defines the readout cycle. Numnt defines the maximum number of iterations 
allowed during the solution of the Kirchhof-Current-Law (KCL) equations during a DC 
analysis. For a transient analysis, T-Spice first calculates the DC operating point of the 
circuit. This is a critical calculation for a very large circuit. The default for numnt is ten, 
which is not sufficient. If the circuit does not converge, T-Spice tries to use source 
stepping to find a DC operating point, which normally fails. A high number of iterations 
are therefore required. Curiously, T-Spice recommends decreasing numnt when the 
simulation fails. Also part of the .options commands is the definition of tolerances in 
absolute and relative form. An increasing of the tolerances results in a faster simulation. 
Nevertheless, definitions that are too loose result in wrong outputs. The values used for 
absolute tolerance and relative tolerance are very close to the acceptable limits and 
should not be further increased. 

Line five holds the command for the type of simulation. The type is a 
transient analysis with a maximum step size of 400nsec, a simulation length of 17200nsec 
and an offset for the first output reading of 390nsec. In conjunction with the prtdel 
setting, the readout is every 400nsec starting at 390nsec so that each sample (defined with 
a pulse width of 400nsec) is read out only once. The readout is at the end of the sample to 
catch the solid-state result of the pulse. 

T-Spice allows using initialization for certain nodes within a circuit. For 
the 32-tapline circuit, it is crucial to initialize the D-Flip-Flop outputs and the carry-out 
bit of the adders. Since the circuit in T-Spice has the same hierarchy as the schematic 


circuit, the initialization can be done directly in the sub-circuit definition for the D-Flip- 
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Flop and the adder cell. This will initialize every register cell output and every adder 
carry-out to the defined values. Nodeset sets an initial guess for the iterative DC- 
operating point calculation. After the first iteration, the specified nodes are allowed to 
float. Since very large circuits need more than one iteration, the IC command should be 
used instead. IC sets node voltages for the duration of a DC operating point calculation. 
The command is inserted in the sub-circuit definition. For a DFFC sub-circuit the line is 
ic Q=0 QB=5. This initializes the Q output port to zero volts and its complement to 5 
volts. For the adder cell sub-circuit the line is .ic Co=0 and initializes the carry-out to 
zero volts. 

b. Input and Output Pads 

The only purpose of this sub-section is to provide an overview of the input 
and output pads. Multiple bits are collapsed into one single bit, e.g., Phase 0 to Phase 4 


(five bits) corresponds to Phase0-4. 


Tap outQO-15 Output for processed values in Q channel (16 bit). 
Control bit flags valid output (1 bit). 


Control bit to check for overflow in a 16-bit adder 





Overflow. out (1 bit). 


Table 32. Output Pads for the 32-Tapline Circuit 
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SP. Testiban Scan path input to load test values into registers from the left. 


Subtes Rin Scan path input to load test values into registers from the right. 


Input for the truth table to select the number of taplines used for 














Tgt_Extent_in0-4 
false target generation (5 bits). 







Select phase-increment registers in Supertap A and reads in 


| LD_Phase_SupTap_A 
from Bus 0 to 31 (1 bit). 












Select phase-increment registers in Supertap B and reads in 


from Bus Oto 31 (1 bit). 






LD_Phase_SupTap_B 







Select phase-increment registers in Supertap C and reads in 


from Bus 0 to 31 (1 bit). 









LD_Phase_SupTap_C 









Select phase-increment registers in Supertap D and reads in 


LD_Phase_SupTap_D 
from Bus 0 to 31 (1 bit). 








Select gain-coefficient registers in Supertap A and B. Supertap 





LD_Gain_SupTap_AB | A reads in the data from Bus 0 to 15, Supertap B reads in the 


data from Bus 16 to 31 (1 bit). 










Select gain-coefficient registers in Supertap C and D. Supertap 





LD_Gain_SupTap_CD | C reads in the data from Bus 0 to 15, Supertap D reads in the 


data from Bus 16 to 31 (1 bit). 





Bus0-15 First 16 bits from the 32-input bus (16 bits). 
Bus16-31 Second 16 bits from the 32-input bus (16 bits). 
Phase0-4 Input for the DRFM-phase samples (5 bits). 


Makes the phase-increment and the gain-coefficient stored in 





the buffer available for data processing (1 bit). 


use_Phase_inc 


Range bin valid 







Control input bit that is required to be high when valid DRFM- 
phase data is present at PhaseO-4 (1 bit). 


Control bit that is used for daisy chaining of more Supertaps. 
Data_Processed_in Control bit that is used for daisy chaining of more Supertaps. 
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Input for I channel that is used for daisy chaining of more 





Tap. inlO-15 







Supertaps (16 bits). 






` Input for Q channel that is used for daisy chaining of more 
Tap_inQ0-15 






Supertaps (16 bits). 





Chip hold for special operation mode. 
ID | Chip load for normal operation mode. 
SR 
Si 


Shift right for scan-path test mode. 


SL | Shift left for scan-path test mode. 


CLK Master clock used throughout the chip. 


Table 33. Input Pads for the 32-Tapline Circuit 


C Test Vectors 

For simulation every input requires a test vector, even it 1s zero for the 
entire simulation time. The test vectors used the bit command to define the input to the 
pads in binary form: “VinPhase2 Phase2 Gnd bit ({00110110111111101} on=5.0 off=0.0 
pw=400n).” VinPhase2 is the name of the voltage source, where the following Phase2 
Gnd is the port name measured versus ground. To prevent confusion, the names should 
be the same. The bit command contains the vectors used during simulation. As defined 
after the parenthesis one corresponds to five volts and zero to zero volts. The pulse width 
for each bit is 400nsec. The entire simulation time as specified in the .tran command in 
T-Spice is 400nsec multiplied by the number of input bits. The length of a line in the 
editor determines the length of the input vector for one input. Normally 500 input bits can 
be used without any problems. The pulse width is important to achieve a steady state for 
each input. The larger the circuit, the higher is the required pulse width. In the manual are 
no specifications about the maximum pulse width or the maximum length of the input 
vector. Tests have shown that values higher than 590nsec for the pulse width and a length 
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of more than 500 characters for a line result into a computer crash. Due to these 
constraints, it was not possible to run a complete simulation of the ship test target 
mentioned at the end of Chapter 4. Instead, certain radar pulses have been chosen to 
verify the outputs produced by T-Spice. 

A set of Matlab script files was developed to generate accurate test 
vectors. The Matlab script files convert data used in the Matlab equivalent simulation into 
a binary two's complement representation and create a simulation-input file using the 


appropriate syntax. The different files used are shown in Table 34. 


Matlab script file Output (text file) 
convert2binary_rawint.m DRFM-phase data 


convert2binary_para.m converted_para.txt Modulation parameters 













(phase and gain modulation 






coefficients) 


convert2binary_control.m converted_control.txt Control signals 


Table 34. Matlab Files to Generate a T-Spice Input File 





3. Results 

After performing the simulations, the output files have to be examined and 
checked for correctness. A procedure was developed to examine T-Spice outputs using 
Matlab. The T-Spice output files are saved as text files and Sa presenting the first set 
of valid output data in the first row of the text files. Then, the Matlab script file 
“hard_limiter.m” is used to convert the results into binary two's complement 
representation. Finally, the script file “compare.m” is used to plot and compare each 
single output data produced by T-Spice with the results from the equivalent Matlab 


simulation. An example of test results after simulating one complete radar pulse is shown 
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in Figure 92 and Figure 93. The simulation refers to the ship test case using 64 radar 
pulses for the ISAR image integration discussed at the end of Chapter 4. Figure 92 shows 
a comparison between the single output data for the I-channel generated in Matlab and T- 
Spice. Figure 93 illustrates the Q-channel results. As for the two-tapline case, there are no 
differences between the Matlab and the T-Spice simulations, which verify the correctness 


of the DIS architecture based on the Matlab simulation. 


Companng Matlab and T-Spice outputs - -Channel 





[ oce a EE Ee A Io SE E ege E 
E e ; i ; 
E 
E 

Figure 92. Comparing Matlab and T-Spice Outputs—I-Channel 
c c 
Comparing Matlab and T-Spice outputs - Q-Channel 

E. our — ———— e 
m q 
3 SS 1 





Figure 93. Comparing Matlab and T-Spice Outputs—Q-Channel 
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X. LAYOUT AND FABRICATION 


The cost of the DIS implementation, as with many integrated circuits, is directly 
proportional to the size of the chip. Moreover, the size of the DIS is directly proportional 
to the number of taps. In order to keep the implementation costs to a minimum and get a 
usable demonstration chip, we reduced the size of the design to 8-taplines. This Chapter 
illustrates the schematic layout of an 8-tapline chip and describes the physical layout in 
L-Edit. It points out and summarizes only the major differences of previously-discussed 


designs. 


A. 8-TAPLINE SCHEMATICS 


The 8-tapline circuit is based on the same hierarchy as the 32-tapline chip, using 
the double-buffered register tapline. As shown in Figure 94, a Supertap is used to 
implement the 8-taplines. The Supertap is connected to the 32-bit input bus and loads the 
phase values and gain-coefficient using a reduced number of control signals. The toplevel 
32-to-5-bit decoder is not part of this design. The logic for a decoder representing a truth 
table to adjust the number of used taplines would increase the size of the design 
significantly, but gains almost no value for the concept realization. Therefore the user has 
to ensure a proper setup for normal operation. Since the number of taplines determines 
the size of the generated false target, only a continuous tapline activation beginning with 
the first tapline up to the desired one is acceptable. In spite of the missing target-extent 
decoder, the circuit chosen for fabrication has the same flexibility as the 32-tapline IC. 


Even a design of 8-taplines guarantees a usable concept demonstrator; however, it 
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decreases the size of the false target. Nevertheless the fabrication costs are reduced, since 
the IC area is less than a quarter in size. The first fabrication run will supply several 
chips. Because the concept provides the capability of daisy chaining, four chips could be 
interconnected to result in a 32-tapline-chip equivalent without a decoder capability. 


Thus, the limitations are reduced to a negligible value. 
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Figure 94. 8-Tapline Chip 
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B. TIMING AND CONTROL 


The control requirements for normal chip operation are reduced due to the fact 
that only 32 phase value and 16 gain-coefficients are loaded. The corresponding output 
and input pads are listed and explained in Table 35 and Table 36, where a few pad names 
have changed in comparison to the 32-tapline IC, but these pads still perform the same 


functions. 








Outputs Function 


S_P_Test_Rout Scan path out fora shift to the right (1 bit). 
S_P_Test_Lout Scan path out fora shift to the left (1 bit). 


Tap_outl0-15 Output for processed values in I channel (16 bit). 


Tap_outQ0-15 Output for processed values in Q channel (16 bit). 


Data_Processed_out | Control bit flags valid output (1 bit). 


Control bit to check for overflow in a 16-bit adder (1 bit). 


Table 35. Output Pads for the 8-Tapline Circuit 










187 


S_P_Test_Lin Scan path input to load test values into registers from the left. 


S_P_Test_Rin Scan path input to load test values into registers from the right. 


Input to select the number of taplines used for false target 





Tgt_Extent0-7 
generation (8 bits), where no decoder logic is implemented. 






Select phase-increment registers in IC and reads in from Bus 0 


to 31 (1 bit). 





LD_Phase_inc 






Select gain-coefficient registers in IC. Since there are only 16 
LD_Gain_Reg 


gain values to load, Bus 0 to 15 are used to read them in (1 bit). 


Bus0-15 First 16 bits from the 32-input bus (16 bits). 
Bus16-31 Second 16 bits from the 32-input bus (16 bits). 
Phase0-4 Input for the DRFM-phase samples (5 bits). 


Makes the phase-increment and the gain-coefficient stored in 











use_Phase_inc , 
the buffer available for data processing (1 bit). 





| Control input bit that is required to be high when valid DRFM- 
Range_bin_valid 


phase data is present at PhaseO-4 (1 bit). 





Overflow_in Control bit that is used for daisy chaining of more Supertaps. 


Data_Processed_in Control bit that is used for daisy chaining of more Supertaps. 


Input for I channel that is used for daisy chaining of more 








Tap_inI0-15 
Supertaps (16 bits). 






Input for Q channel that is used for daisy chaining of more 





Tap_inQ0-15 
P Supertaps (16 bits). 





Chip hold for special operation mode. 
Chip load for normal operation mode. 
SR 
SL 
CLK Master clock used throughout the chip. 


Shift right for scan-path test mode. 


Shift left for scan-path test mode. 


Table 36. Input Pads for the 8-Tapline Circuit 
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Figure 95 shows the timing diagram for the initial loading phase. In addition to 
the reduced number of control bits for the gain and phase adjustment, the loading cycle is 
decreased by four clock cycles. Figure 96 illustrates the readout phase between two radar 
pulses. Given that the number of taplines is reduced to eight, only seven clock cycles are 
necessary to read out the processed data remaining in the adder chain after the last DRFM 
sample is processed (instead of 31 clock cycles as shown before). In general, the timing 
constraints are very closely related to the 32-tapline design as discussed in detail in 


previous chapters. 
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Figure 95. Timing Diagram for the Initial Loading Phase of the 8-Tapline Chip 
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Figure 96. Timing Diagram between Two Radar Pulses for the 8-Tapline Chip 
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C. PHYSICAL LAYOUT GENERATION 


The IC layout is automatically generated with the layout editor, L-Edit. A wide 
range of different optimization parameters affecting both cell placement and network 
routing are tried with varying degrees of success. The final layout of the chip core with 
pad frame is shown in Figure 97 and is approximately 5.25 mm by 5.62 mm. With I/O, 
power, and ground pads and the power and ground distribution buses, the layout is 
approximately 5.71 mm by 6.07 mm with a total chip area of slightly less than 35 square 
mm. After layout generation, a design rule check revealed several DRC violations that 
had to be corrected by hand. Also, additional power and ground pads had to be connected 
by hand to the power and ground distribution buses. Layout correctness is confirmed 
using the layout versus schematic comparison tool, LVS. For layout verification the 
extracted netlist in L-Edit is compared with the netlist of S-Edits circuit representation. 
At this point of the process minor design incompatibilities are still vacant. As soon as the 
netlist comparison is passed, the extracted file will be simulated in T-Spice to confirm 
correct logical functionality. With the T-Spice simulation, the developing process 
concludes and the resulting files are sent to fabrication. The finished IC will be fabricated 
through the MOSIS fabrication service at Hewlett Packard on their 0.5 micron CMOS 
line. The selection of the HP 0.5 micron process was determined to be a reasonable 
compromise between cost and performance. Although maximum -—— will 
eventually be desired, for this initial, proof-of-concept chip, the moderate performance of 
the 0.5 micron process is sufficient. It should be noted that the Tanner scalable CMOS 


library used is compatible with IC fabrication processes down to 0.25 micron without 
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modification and with only minor modifications it can be used with fabrication processes 


as small as 0.18 micron. Use of 


a 0.18 micron fabrication process would allow the DIS 


design to operate at clock rates in excess of 500 MHz, which is one of the goals for future 


work. 
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Figure 97. Layout for the 8-tapline Chip Showing Enlarged Pad-Area Region 
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APPENDIX A. MATLAB CODES 


E DIS SIMULATION FILES-VERSION 4 


The DIS simulation files presented in this appendix are the latest version of 
Matlab codes in this project. The following version of simulating the Digital Image 
Synthesizer architecture in Matlab has been developed for testing purposes. This 
modified version (v4) of the original code now represents the new architecture that has 
been developed during the process of working on the hardware layout in Tanner Tools. 
The original version (v0) was developed by Sy Yeo, 1998. 

A script file (runDISv4.m) has been developed to execute the different files in a 
more convenient way than is used to run a full simulation. This modified code includes 
flexibility in choosing the number of taps to be used, proper start-up and shutdown of the 
taps during processing, "parallel processing" of DRFM-phase data in the taps, and "serial 
summation" of the results in the taps (partial summation starting from the last taps in use, 
all the way up to the first tap, which then will be the valid output data). Compared to the 
v2- and v3-codes, this set of codes is easy to scale-up, can deal with multiple scatterers 
per range-bin (multiple Doppler that will vary both phase and gain-coefficients between 
radar pulses). The code can be set in an initial state to run in Version 2 mode (single 
scatterer per range-bin) if so desired. 

Before running the runDISv4.m file, one must extract parameters of the false 
target one wants to generate if one is working with multiple scatterers per range gate. An 
appropriate extract_XXX.m file (existing or by modifying an existing file) must be used. 


After that, the new parameter text file must be called by the simhwchkv4.m file 
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(check/modify line 33 to 40). The graphical user interface (guiv4.m) in this version only 
serves to get a Doppler offset of the whole false target. 

The code also writes data to text files that represent the functionality of the scan- 
path testing options that are included in the hardware layout, and also to separate I- and 


Q-data outputs. Minor corrections have also been made to the original code. 


a. runDISv4.m 


oe 
co 
go 
o9 
oe 
oo 
oP 
oe 
ge 
de 
de 
ce 
dP 
co 
oo 
go 
oe 
go 
de 
de 
de 
de 
oe 
go 
de 
00 
ge 
go 
c? 
de 
oe 
ge 
OC 
oe 
o Oo 
oe 
de 
de 
on 
o9 
ge 
oe 
oe 
oe 
on 
oe 
oo 
ce 
de 
go 
de 
OH 
de 
ce 
de 
de 


25 55 25 25 25 95 25 95 25 9525 95 95 96 
unD SA T 
This script file will help you run the Digital Image Syntesizer 
(DIS). This is a modified version that is able to handle different 
target extents (that is, how many taps the user would like to use 
that will represent the radial length of the target, seen from the 
ISAR). The user can also specify some necessary input parameters. 
Created by: 

LTC Stig Ekestorm, Apr -00 

Naval Postgraduate School 


$5 $5 $5 $5 95 2; 25 25 25 95 95 2; 55 85 95 95 85 95 05 9595 0:95 9; 8 0:05 0: 0:9; 0:05 9,9505 59; 05 9; 00; 95 9: 95 2: 05 2: 6525 0525 $5 05 95 05 9; 9; 95 05 95 05 25 05 9; 05 95 95 5 0; 


of ch OO dë g9 d de 


Qe 


Je ge 


% set path 
% cd c:\temasek\denise\thesis\final_design\vbfiles 


% clear the workspace 
clear 


% declare global variables, used in outer m-files and functions 
global sorm 

global dp_pts 

Global Ege pes 

global hda 

global printdata 


% interactive - use of a dialog box to get inputs parameters from user 
title='User Specified Parameters - Matlab DIS Simulation'; 
prompt={'Single (Version 2) or Multiple (Version 4) Scatterer per Tange 
gate [1 for Multiple]. If Version 4, then need to run 
extract pata Xx m rirse n 

‘Number of Doppler cells in the [SAR 

'Number of Range gates in the plots.',... 

'Hardware Data available for comparison [1 for yes].',... 

'Print Intermediate Data to text file (slows down the 
simulation) [1 tor yes].'>?; 
A 622 200 REDE 
response-inputdlg(prompt, title, 1, default); 
fields-['sorm','dpopts ro pes hda n printdeta ge une 
Doppler cells, hardware data available 
input=cell2struct (response, fields,1); 
S converte cell structure created by dialog box back eo mumeecs 
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sorm=str2num(input.sorm) ; 
dp_pts=str2num(input.dp_pts); 

rg pts-str2num(input.rg pts); 
hda-str2num(input.hda); 
printdata=str2num(input.printdata) ; 


$ run the graphical user interface (GUI) to Specify target parameters 
disp('Enter the values in the Grapical User Interface') 

disp('Press any key to continue") 

guiv4 

pause 


$ pre-process signal parameters, simulate ISAR 
if sorm == 0 
mathostv4 
else 
mathostv4b 
end 


% simulate the DIS in Matlab 
% This simulation does "parallel processing" and then "serial 
Summatton", including: 
$ - correction at start-up ("initializing outputs from the taps, one 
tap after another") 
$ — correction at the end ("shutting down the taps, one tap after 
another") 
if sorm == l, 
if printdata -- 1, 
simhwchkv4 write 
else 
simhwchkv4 
end 
else 
if printdata == 1, 
simhwchkv2_write 
else 
simhwchkv2 
end 
end 


% plot results tor visual comparison 
plothwv4 


% end of file 


b. guiv4.m 


function (dat) = 2aqu1v4 (action); 


oP 
G) 


et inputs from screen 
% MAJ Stig Ekestorm, Feb -00 
$ Mo 


dai ied vercerencoftedggu2v0D EE 
9; 8; 95 9:9: 9: 9: 9: 9:9: 9: 9:9: 9,9: 9:0: 9: 9:0: 09, 0:9: 9: 0:9: 0: 9:9: 0: 9:95 25 25 9: 259 2:95 9: 9:5 95059 $595 
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HE 
hl 
H2 
data 
loc 


global 
global 
global 
global 
global 
global 
global 
global 
global 
global 


ph 


LE Nargis | 
action= 
end; 


patchsize 
txtroc 
count 


dp pts 


, 


eare T; 


UESthsempiaection,' 'start ), 


$ initialize the figure 


set(0, 'DefaultAxesFontSize',6); 


hf 


figure (l); 


CIT 


set (hf, 'NextPlot', 'add'); 


set (hf, 


'Numbertac te oro" 
'Name','Naval PostGraduate School',... 
"Dackindstore ee 
Units; normalized); 


aope En. 

RO pes =762; 

S$dp_pts = 64; 

data = []; loc = []; 

count = 0; 

ph = II: 

hl = axes ('Position',[0 0 1 
h2 = axes('Position',[0.1 0 


set (hf, 'currentaxes',h2); 


xa 
ya 


XELCI 
set (gca, 
set (gca, 
set (gca, 
set (gca, 
set (gca, 
set (gca, 


set (gca, 
set (gca, 


set loca, 'YLim"”, [0 ap. pts-11); 


l:rg- pts; 
0: (dp pts-1); 


NA = FG Specs, 
“ATI CckMogde "| manual”): 


‘XLimMode" > manual"); 


"XL rap Es) 
'XTICk AECI 
sco cts c TUS 
'GridLineStyle','-' 


‘YTickMode", *manual")- 


'YLimMode', 'manual' 


jv: 


95 


CH zw 


FAE 
.6 0.8]); 
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IE API PES > 64, 

set(gca, 'YLim', [0 64-1]); 
else 

set (gca, 'YLim',[0 dp_pts-1]); 
end 
ycick = 0:l:dp pts; 
set (gea, YTicKk'  YtCICk): 
setiogca, EE onu 
set (gca, 'GridLineStyle','-'); 


xh xlabel ('Range Cell'); set(xh, 'FontSize',8); clear xh 
yh ylabel ('Doppier'); set (yh, 'FontSize',8); clear yh 

ht = title('Range-Doppler-Amplitude Map Entry Program'); 
Sec(nt,. honts: ze 10, ‘Color, (C707) 


ae Uicontrol( Units, normalized 
uESckeroumecolor',l.99029 9] 9 
Position $0572 0-805310. 055920704]5 
Eyle v rexit 
UPontoSrzewd5 
"obring5smwandgescellt*, 
Raga Rex) 


uicontrol( Unics o- normal zed; 
BackgroundColor, [:9 199]; 
POSICION. LO 7270.75 0715 0- 04], 
PGi ee ere 

'Ronesize "6,44 

poesia Doppler Cell 

Tag’. “OTexe =e 


o 
II 


c x= fúutecontrol( Units- normalized 
EE AE 
EE EE EE Ee 
Ee ee E o, 

TEE E 1. 
EE ENEE 
Ee EE 


ell EE e EE 
EE A 
"Position [0771250560013 02040 
ise lets slider mia ON Max a v. 
SIBder Step 07250054 a 
"Catiback','gurva('"npdatel'') ^); 


d = uicontrol('unvts'.' normalrced!'. 
"Backeroü0necoltorps [597.9 9 p 
‘Position S0772 70.50715 004; 
Sale een 
"Fonts izo y O. en 
Sering Doppler is nal) 


dil = ucontrol(t Units”, mesmalbuzea"': 
‘Backorouneeolor’s (<9 29 tool, 
"posttrrontw0 72:0 25g90: 15 70 70205 
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"Style", slide ee 
isLlidersStep Res 0580023660 
Callback; güir: update laa 


al ="uicontrol('Untes'. normalized T 
"BackgroundColor NIMM 
Position", LO SONS ONO POSO NO e 
'Style', 'text', 

'FontSize',6,... 
Boer ing" A 
“Tag y “alles! 


set (gcf,'currentaxes',h1); 

bl = ‘uvicontrol(Unss'“nornclszedbi 
'BacKGroundgd@ole@rm Ju i 
‘POSi tion [0,980875 05059050218 
^Stvle', text 
"FontSize 68 nno 
"String, are 
“Tag, allen”. 


setígct,'currentaxes' hl); 

ci*-#ulcontrolL(Unse-tékenornalize dn 
‘BackgroundColor: (kI T]; , 
"Position", 1023950565103 05705040 m 
'Style','text', 
"'montorze760 
"callback cia v4 uDbddte' jira 
‘Ser LAO Ss) 


cuu 1 Control ( (Units oy mormsl zeae 
BackgroundColor Miele 
mPOSition’; [0-9 0.50 0405 0-04), 
Style" text | 
sRontsize',6,... 
PealelUback', "Gulve (= upedee =). awe 
Boe NG op. pe 


Gi =surcontrol (Units =) morals zee s 
‘BackgroundColor,  ,ellow. | = 
‘Position’, [0-9 0. 0020550304 
Style", pushbutton", 
BEOMES2 ZC" Bs: 

PoOtring' "SAVE', 
"Callback ,'"guixv4l''savedquricN E 


d2 = r uicontrol( Units normal: zed 
'BackgroundColor','Yellow', 
‘POSitCion’'; [0.78 0.1 0.1 0.041, 
Sede DUSADUREOn 
ROD ESTZE 8.5 
String", CLEAR 
[Gali backs a) Guava Gia hie). 


txtloc = [a al b bibescrtocll doogd dT 
S Assign action when mouse button is pressed 
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Semun2 seovesenMownr cn’, 'ouiva(''down'')*)- 


elseif strcmp (action, 'down'), 
SMObrain coordinates Of mouse click location in axes units 


set (ht, currentaxes’ hz) : 
pi-getohzewcarrentsoiunrt' 


Kopi tint je. xe = Eloo0 (x=), 
Sepe) vr = floor) 
[r,c] = size(data); 


set(txtloc(7),; Value',0): 
set(txtloc(9),'Value',0); 


Emp = [Xx "Y 1 "01% 

tos Mocstapl 

tmp - [xf vf 1 0]; 

data - [data;tmp]; 

[r,c] » size(data); 

ypos rr eyes ey tli, 
xpos [xf xf xf+1 xf-*1]; 


count = count + 1; 

$disp(count) ; 

txe = | ' Tag. Num strícount ie 

ptr = patch (xpos: ypos, i1 90950950 

Sdisp(ptr); 

set (Dtr,  BÜCCONDOwn Fonemi : 
"cusve update qe 

set (pEr; Tag EXE); 

set(ptr, 'UserData', [xf yf 1 0)); 

PISTE: 

SEC (EXELOC(2Z) |. String.) xr) 

SEL(EXCLOC(4);  SErIng Vf); 

set (CELOSO); Serna Ll 

serortxrloc(9),' String',0); 


elseif strcmp(action, 'update'), 
% Determine the patch that is selected 
ph = gcbo; 
%set (ph, ' Selected', 'on'); 


% Retrieve the values for that patch and display it 
SrExXElOc — [eee ele AI 

$erztloc 2: Range cell 

$itxtlocsd Doppler cell 

GYexcloc 6: Anplicude-.Exel'oc asi dea 
*Wé-cxcloc 9: Doppler ortsot.' txtlocco.495!3xder bar 


ud s*getoph s userb»2atd s 

SeEttxEloci2); Stranc $uUdtl)9s 
set (Extloc (4); String’ ud(2)); 
Setitxtloci5) String uds; 
set (extloc(9), "String',ud(4)); 
Set ltxtloc(7)> 'Value’,ud(s)); 
set (txtloc(10), 'Value',ud(4)); 
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elseif stremp (action, Update oe 
if (~isempty (ph) ) 


PRI = feres efe 

if ((phl == txtloc(7) )) (Pu ext1oe no 
ud = get(ph, 'UserData'); 
E o ua YE = udaz); 


Vpos sy vide EAEE 
xpos - [xf xf xf41 xf*1]; 
set(ph,'Selected','off'); 
% Update the amplitude/Doppler values 
il (Dhl == tse toes. 
tmpl = get(txtloc(7),'Value'); 
tmpl = round(tmpl) 
set (txtloc(6), String, tCmpl); 
set (txt loc /}, value: tmp); 
lf (emp ele 
set(txtloc(7),'Value',1); 
set (txtloe(6)) Seming 11 
tmpl = 1; 
end 
EE El E 
set (ph, 'FaceColor',col); 
set (ph, UserData’, [udtl) ud(2) Emi ua (a) 
end 
lf (phi== extloe (10). 
tmp2 2 round (get (txtloc( (0) value me 
setí(bxtloc(9) String mp2) 
set (txt loc( 10), Value’; emp2)4 
set (ph, 'UserData', [ud(1) ud(2) ud(3) tmp2]); 
end 
$disp('HHH'); 
$disp(get (ph, 'Tag')) 
sdisp(get (ph, 'UserData') ) 
end 
end 


elseif strcmp (action, 'savequit'), 
dat = 1T]; 
for i = b-count 
tt = findobi( rag i Tag Foum2sťtr oe, 
tmp = get(tt, 'UserData') 
dat s [dat;tmpl; 


fprintf('count = %d, Tag = 2s 9 count’, get ue maltose 
disp(tmp); 
end 
save -ascii sigparl dat 
close gcbf 
end 
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C. mathostvd.m 


o 
ge 
de 
oP 
oe 
de 
o9 
oe 
oe 
oo 
go 
oo 
oe 
de 
de 
de 
oe 
oe 
oo 
de 
de 
oo 
oe 
oo 
oe 
oP 
oe 
de 
oe 
oe 
O O 
de 
oe 
oP 
oe 
oP? 
ge 

O 
de 
oe 
oe 
de 
go 
o0 
go 
oe 
oe 
oe 


$5 2; 25 25 25 85 85 2: 95 95 5 95 95 9:95 9: 9: E e; 
mathostv4.m 

MAJ Stig Ekestorm, Feb -00 

Modified version of mathostv0.m by SY YEO, Jul-98 


^ 


O 


Generate pri_dp map and range-Doppler map 
- generates the files for input to hardware 
-- file para.txt contains: 
line 1: number of range celis 
line 2: number of pulse in a batch (equals to dp_pts in this 
program) 
line 3: extent of target in cells (n: integer); number of taps in 
delay also equals n (pipeline design) 
Pine =o 'gainl, gaein2, S egaa eger) 
line 4+n+1: phi0 (pulse 1), 
bene#ia zi patie (pulse, | jy 
line 4+n+targetExtent: phi-targetExtent (pulse i), 
line 4+n+targetExtent+1: pni0 (pulse 2), 
line 4+n+targetExtent+2: phil (pulse 2), 
line 4+n+2*targetExtent: phi-targetExtent (pulse 2), 


line 4+n+dp_pts*targetExtent: phi-targetExtent (pulse dp_pts) 


file raw.txt contains the instantaneous phases of simulated DFRM- 
data (quantized to 45deg step): 

fine 1: pulse (integer) 

line 2: pulse 2 


of dP oP dP dP a dP oP dP dP oP oP oP de dP de oP de oP dP cP de Ge dë dO dO GP op 


% line dp_pts: pulse dp_pts 
95 8; €; 9; 95 9; €; 95 €; 9,0: 9: Q; «5 0: 0: €. 9: 0: 0: 95 9: 059; £5 05 9595 95 2; 9; 9; 25 95 95 $5 5 5 95 9595 25 9595 95 9: 2,95 95 9: 9505 9: 9:9: 0:05 2:9. 9:95 95 65 95 15 95 $5 05 5 


global sorm 

global dp pts 
global ro pts 
global doppler_ine 
global printdata 


set(0, 'defaultAxesFontSize',8); 


noplot = 0; 
Ncontours = 20; 


S Parameters 


bw - 100e6; 

pwe = E (1.259S5w); $ compressed pulsewidth 
pw =0.5e-6; 

prf 283: "bri - l/prf; 

In m 2*5] 5wW/DW; 

Pou bee ows y Seal, no? 

snr = 0; 
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% set-up grid 


Sx- axis (rg); Y axlis(dap) 
sro- pesa DE 
tdp_pts = 64; 


zeros(dp pts,rg pts); 
zeros(dp pts,rg pts); 

pri rg map shift - zeros(dp pts,rg pts); 

pri. rg map shiftq - zeros(dp pts,rg pts); 
pri rg phaseq - zeros(dp pts,rg pts); 


pri rg map = 
pri rg mapq - 


% insert waveform into grid; 

load -ascii sigparl 

sigpar = sigparl'; 

doppler “inc = sitqpar (4... - 

sigpar([2 4],:) == "Sigpar 2 al | 4eLt creepers: 
[lxs, lys] = size(sigpar); 

St0 = 0:Ts:pw-Ts; 

tO = Ts:Ts:pw; 


$for the reduced 2-Tap T-Spice simulation 
$TsNew=4*1/fs; 


Stnew = 0:TsNew: pw-TsNew; 
Stnew = TsNew: TSNew: pw; 
$tQ = tnew; 


num chirp samples = length(t0); if 


disp('Warning 


$ open files for writing 

fl = fopen('para.txt','w'); 

Eprintft (f£1,°°3aNr vn ume chirp. samples); 
EOrinctE( Ely see Gp pts), 
bprinttobrl, Sor MM YS). 


o0 of 


o? 


+ adjustcmernt to cCOmrece multiplication (factos 
value 


ioni ela 
switch sigpar(3,1) 
case {1} 
sigpar(302)501 2290€ 5hr BE M multqgcimosEscmeb dale 
case {2} 
sigpar(3,1)=2: % shift by Dandini P 
eee 
case {3} 
Sigpar(3,1i1)=4>-"2- shite by 27 muleipiicatien a, =. 
dER EIDEL 
case {4} 
sigpar(3,1)=8; %) Shite ee EE 
ee 
end 
i£princttrl,;'$9dirvu AS tapar a OS % gainl, 
end 


GOLESI S 3; 
nbitsdop = 5; 


204 


(nmam chirp 
Chirp is clipped - set grid size larger'); 


samples + lxs) > rg_pts) 
end 


number of range cells 
number of Doppler cells 
target extent 


for the amplitude (gain) 


hardware bit "00" 


hardware bit 


hardware bit 


hardware bit 


galinzZ, wc garni 


nbitsamp = 8; 

b Ze, (2 nbitspn) ; 

a 2*pi/(2*nbitsamp); 

p = 22 pi (2°nbitsdop)-; 

*for the reduced 2-Tap T-Spice simulation, Nov -99 
spo 20/0 dp-pts); 


for idx = 1:dp pts $ Repeat for total number of pulses within 
batch 
cel = tO (idxl)*Dri; 
E A LR 
ee ys 
$**** approximation used here, assume phase change due to Doppler 
within Chiro s constant 
$**** since the Doppler is tens of hertz compared to the MHz 
chirp bandwidth 
olaphase = mi tl. *tlly 2 2*pi*sigpar(2, 1ax) El: 
solcphese =finuceles pls apar (2 ada lp 
oldphase = mod(oldphase,2*pi); 


$ quantize the oldphase to 1 of 8 phases 

int oldphase - round(oldphase/b); 

oldphaseq = b*int. oldphase; % quantize the phase 
xc = exp(sqrt(-1)*oldphase) ; 

lx = (sigpar (1, idđx)): (sigpar(1,idx))+length(xc)-1; 
pri_rg_map(idxi, Ixi xctpri rg map(idx i Ix); 
pri_rg_phaseq(idx1,1x) = int_oldphase; 


xcq - exp(í(sqrt(-1)*oldphaseq); 
xcq e p*robnudixecq/pl % quantize the phase 
DFi_Yro_Mapgd (dx, Ix) = xcqtprienoemapc( lax Mib) 
$ phase focusing 

dopphase = 2*pi*sigpar(4,idx)*(idx1)*pri; % approximation used 
here 

%dopphase = 2*pi*sigpar(4,idx)*(idx1-1)*pri; % approximation used 
here 

newphase = oldphase + dopphase*ones (size(oldphase) ); 

xI = cos(newphase); 

xQ Sin(newphase) ; 

xl = Sigpar (3, 1dx)* (xl+sqrt(_l X0); 

pri_rg map shift(idxl lx) = pri rg map Shifted iC Ixen al; 


int_dopphaseq = round (dopphase/p); 

dopphaseq = int_dopphaseq*p; 

newphaseq = oldphaseq + dopphaseg; 

xI = cos (newphaseq); 

xQ - sin(newphaseq); 

xL 2 robnd(xl/a)*a. 

xO. = round(x0/a)*a; 

xl = sigpar (3,idđx)*(xI+sqrt(-1)*xQ); 

pri rg map shiifta(idxi, lx) =r i rg map shitecq(idxl +1; 


% store the dopphase value (ignore intrapulse phase change since 
it is small) 

SEDrinte(il, sdi rnn TAE AOE edi; originals 
code, incrementation of phase modulation coefficients 
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etprint£itl. Hare” mod(1nt _doppheaseg se). Sto get 
true phase modulation coefficients each PRI 

fprint£(t1, SevVrin',mod(2*fix(int_dopphaseg/2 Moo 
represent phase modulation coefficients using 4-bits words 


end 
end 
fclose(f1); 


noise - randn(size(pri rg map))*c snr(snr); noise = 0; 
pri rg map - pri rg map + noise; 
pri_rg map Shift = pri rg map shift + noise; 


$ Perform pulse compression 

% (a) for the non-quantized phase case 

disp('Creating reference waveform'); 

DES tiie tl. t 1/2); 

crefc = exp(sart (-1)*ph) ; 

cref = Con) (fit (crefe,2*rgq_pts—1))- 

save pc_ref cref tl 

pe ref map = fft(pri rg mapa regis IM 
be*ref-map.shift = fft(priMre map shift.: 2*rg PCUS DM 


disp('Performing pulse compression'); 
pri_rg_mapl = zeros(size(pri_rg_map) ); 
pri_rg_map2 = zeros(size(pri_rg_map)); 


%--- Compress the original signals 

Eommtex :dp.pts 
Emoe—scret. “pe ret-map(idx,:); 
Enole—etrrsht tt (i fit (tmp) )- 
pri_rg_mapl(idx,:) = mpl (egepes: end); 

end 


$--- Compress the Doppler shifted signals 


for EE 
tmp = cref.*pc_ref_map_shift (idx, :); 
END] hes rt t ft (emp) )- 
pri.rg map2(10X,:) = tmol(ro_pts:end); 
end 


% Compute the rg-dop map 
disp (Plotting ~.7)6-e4 map); 


dp rg map = ffe (pri rg mop apipts); 
dp rg map shift = Tft DPE erg map: ap PES). 


[l1x,1y] = size(dp_rg_map); 


rax = l: (length(ly)); 
dax = 0: (length(1x))-1; 
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dpy = abs(dp_rg_map); 
dpy shift - abs(dp rg map shift); 


Ifotmeprtot == 0) 
figure(1); 


SUbpIOE (2, 1.1); 

h = contour(dpy,Ncontours); grid 

title('a. Original Rd-Dp Map'); 

axis([1 62 0 dp pts! } 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 
SUDDIOE (2. 1,2); 

h = contour(dpy_shift,Ncontours); grid 

axis([1 62 0 dp_pts]) 

title('b. Amplitude and Doppler Modulated Rd-Dp Map'); 
xlabel('Down Range Ceils'); ylabel('Cross Range Cells'); 


% Perform pulse compression 

$ (b) for the quantized phase case 

disp('Performing pulse compression for quantized phase case'); 
pe ret mapa = ffu(pri rg mapg.',2*rgSpes=l) 
pe-rer-map-shrftq = fft(pri_rg map shiftq.',2*rg_pts-1).'; 

pri rg map3 - zeros(size(pri. rg mapq)); 

pri. rg map4 - zeros(size(pri rg mapq)); 


%--- Compress the original signals 


for idx = 1:dp_pts 

Emp = cref. tpe ref mapa idx -); 

tmpi = “fEESshite (rec. emo 

pri rg map3(idx,:)  tmplírg pts:end); 
end 


%--- Compress the Doppler shifted signals 


for idx = 1:dp' pts 
tmp = cref.*pc_ref_map_shiftq(idx,:); 
empl - fFOSBRMIECUYEIfC (Emp) 
Dri ro _map4(1dx,+) = “enpi{rgiots-end)à 
end 


% Compute the rg-dop map 
disp Proteinas... te. map); 


dp_rg_mapq = fft(pri_rg_map3); 
dp, rg map shiftq - fft(pri rg map4); 


[(1x,ly] zs size(dp rg mapq); 
rax = l:(length(ly)); 
dax = 0: (length(1x))-1; 


dpyq = abs(dp rg mapq); 
dpy shiftq - abs(dp rg map shiftq); 


% -- Simulation of phase quantizing DRFM 
% Now convert amplitude to phase. 
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% Convert phase to positive numbers between 0-360deg, so do not need 
to handle 

$ negative numbers in Altera. 

pri rg mapqd angle - mod(pri rg phaseq,2*pi); 

pri rg mapq shift angle - angle(pri rg map shiftq); 


f2 - fopen('rawint.txt','w'); 
[1x,ly] zs size(pri rg mapq angle); 
deltaDegrees - 2*pi/(2^nbitsdop); 


Lor 1c 
int raw - round(pri rg mapq angle(i,1:num chirp samples- 
l)/deltaDegrees); $ need to store in Visual basic text file format 
fprintf(f2, 2d, int rawy; 
int raw = 


round(pri. rg mapq angle(i,num chirp samples)/deltaDegrees); 
fprintE(f2 tae an abia 
end; 
fclose (£2); 
a == 2 pr 22mbritsph 
pri rg mapq drfm - exp(í(sqrt(-1)*(round(pri. rg mapq angle/q))*q); 
pri rg mapq shift drfm - exp(sqrt(- 
1)*(round(pri rg mapq shift angle/q))*q); 


$ Perform pulse compression 

$ (c) for the quantized phase case with phase DFRM model 

disp('Performing pulse compression for quantized phase case 
(simulates phase DFRM effects)'); 

pc_ref_mapq-drim = fit (pris EE Grim. »2559gNDES- PUE 

pc ref mapg shift drfm s fftí(bri rg mapg-shrft-drtm | 2“rg spec. 4 ae 

pri rg map5 - zeros(size(pri rg mapq drfm)); 

pri rg map6 - zeros(size(pri rg mapq shift drfm)); 


$--- Compress the original signals 


ftor scc zT dbESES 
tmp = cref. po ref mapa ar rm ( lcs. TE 
tpl EES RG 
pri_rg_map5(idx,:) = tmpl(rg_pts:end); 
end 


%--- Compress the Doppler shifted signals 


for idx >ik Op PES 
tmp - cref.*pc ref mapq shift drfm(idx,:); 
tmpl = fftshifEe(ifEft (tmp); 
pri_rg_map6 (idx,:) = tmpl(rg_pts:end); 
end 


% Compute the rg-dop map 
disp Plotting -n Enap 


dp ¿rg mapa _ Grim = fre (pri rg maps); 
dp rg map shiftga darfm =- fife lpn rg maps 


lx, ly] = size(dp rg mapa Arim); 
rax - l:(length(ly)); 
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dax = 


0: (length(1x)); 


euso- DULénugrth(lsx))-1; 


dpyq drfm - abs(dp rg mapq drfm); 
dpyq shift drfm - abs(dp rg map shiftq); 


save plot dpyq dpyq shift drfm 


end 


figure (1) 


7 DEInt —dtife- simncesel 


d. mathostv4b.m 


$5 $5 95 95 95 

% 

% 

% 

% 

% 

% 

% -- file 
% line 
% line 
% 

% line 
% 

% line 
% line 
% line 
% line 
% line 
$ line 
% line 
% AS 
% line 
$ 

% -- file 
% data 
% line 
% line 
% Pot 
% line 
25 25 25 25 25 25 25 25 $65 
clear 


D 


A 


MAJ Stig Ekestorm, Feb -00 
Modified version of mathostvO.m by SY YEO, Jul -98 


Generate pri. dp map and range-Doppler map 
- generates the files for input to hardware 


bata. EXE -GOntains: 

1: number of range cells 

2: number of pulse in a batch (equals to dp pts in this 
program) 

3: extent of target in celis (n: integer); number of taps in 
delay also equalis n (pipeline design) 

4: galni, GRIN, Gall A (integer) 

2en+1: pao (pulse 1), 

4-n*2: phil (pulse 1), 

4+n+targetExtent: phi-targetExtent (pulse 1), 

4+n+targetExtent+l: phi0 (pulse 2), 

4+n+targetExtent+2: phil (pulse 2), 

4+n+?2*targetExtent: phi-targetExtent (pulse 2), 


4+n+dp_pts*targetExtent: phi-targetExtent (pulse dp_pts) 


raw.txt contains the instantaneous phases of simulated DFRM- 
(quantized to 45deg step): 

1: pulse 1 (integer) 

2: pulse 2 


dp- pts 3D 
% 


65555515515 


dp. p 
% 


ulse ts 
95 95 $595 9:09:09: 9: 9. 9. 9; 9:0: 0:9: 0:0: 9:09:00: 9:9. 0:9. 0; G; C: 0-0. 0: 0:050: 0:0 OQ; OSEE, a OS Oe; 95S 


global sorm 

global dp_pts 
global rg_pts 
global doppler_inc 
global printdata 


set (0; 'defaultAxesFontSize',8); 
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noploe = 0; 
Ncontours = 20; 


% Parameters 

$bw - 100e6; 

%pwc = 1/(1.25*bw); % compressed pulsewidth 
Spw =0.5e-6; 

Sprit = 2e3; pri = l/prf; 

$mu = 2*pi*bw/pw; 

tfs = 1.25*bw; Ts = 1/fs; 


snr UE 

bw = 100e6; 

bw2 = 1.25*bw; $ bandwidth of the chirp signal, delta 
pwe = 1/(1.25"bw)- % compressed pulsewidth 

pw =0.5e-6; % uncompressed pulsewidth 

prf - 2e3; % PRE 

DEL =p % PRI 

k = bw2/pw; % pulse compression rate, delta / uncompressed 
pulsewidth 

smu = 2 DD pm 

ts = 1.25 bw; $ sampling frequency 

Ts = l/fs; $ sampling time step 

snr = 0; % no extra noise added 


% set-up grid 
% x-axis(rg), y-axis (dp) 
grg pts = POOE 
5dp pts = 64; 


so 


pri_rg_map = zeros (dp_pts,rg_pts); 

pri rg mapq - zeros(dp pts,rg pts); 

pri. rg map shift = zeros(dp pts,rg pts); 
pri. rg map shiftq = zeros(dp pts,rg pts); 
pri rg phaseq - zeros(dp pts,rg pts); 


$ insert waveform into grid; 
load -ascii sigparl 
sigpar = sigparl'; 


doppler_inc = sigpar(4,:); 

*s1g9parli2/4/, = rs igpare ER 

sigpar(2,:) = sSigpar(2,:) 0454 1000-9" 3125. Sto create an 
artificial Doppler ofisee. or .ene Shnyrpataccm 2E TAS 
*$slgpar(2,:) = Stqpar(2,:>) “ADA 1000-5751 -25 > see, creatcrar 
artificial Doppler offset for the Ship Case, 16 Taps 

[1xs, lys] = size(sigpar); 


$t0 = 0:Ts:pw-Ts; 
tO = Ts:TS:pw; 


for the reduced 2-Tap T-Spice simulation 
$TsNew=4*1/£s; 

$tnew - 0:TsNew: pw-TsNew; 

Stnew = TsNew: TsNew: pw; 

£t0 = tnew; 
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num chirp samples - length(t0); 
if ((num chirp samples -* lxs) » rg pts) 

disp('Warning : Chirp is clipped - set grid size larger'); 
end 


$ open files for writing 

tl = fopen('bara.txt',"w'); 

print (ltda au Chirp samples), 
EE zd\rin' dp pts); 

pente sayrini lys); 


number of range cells 
number of Doppler cells 
target extent 


OI go 


oo 


Br adjustment to correct multiplication factors for the amplitude (gain) 
value 
Bong = llys 

switch sigpar(3,i) 


case {1} 
sigpar (3, i)=l 3 NO shile Ml e les clon io) 1 whardware bit 200. 
case {2} 
sigpar(3,1)=2; $$ shittobvV2l-umultiplicatrzonwo:  UBsbpswarte olL 
Mod 
case (3) 
Siqpar(3,1)=4; % shiit oym multiplication bDv34. hardware bYt 
BED) 
case {4} 
sigpar(3,1)=8; % shift by 3, multiplication by 8, hardware bit 
pos 
end 
BEorontr(fl *diriutosrogpar (353999 % gainl, gain2, ..., galnN 
end 


Hbrteph = 3; 

mbitsdop = 5; 

nbitsamp = 8; 

Pee Di (2 omp1 tsp): 

a 2*pi/(2’nbitsamp); 

p 2epi/(2°nDiesdop)r 

%for the reduced 2-Tap T-Spice simulation, Nov -99 
Sp ="2*pl/ (Op pes): 


for idx1 = l:dp_pts % Repeat for total number of pulses within 
batch 
Cla EU (TED 
SLI O hee dee; 
tor idx = I:lys 
$**** approximation used here, assume phase change due to Doppler 
within a Chirp is constans 
$**** since the Doppler is tens of hertz compared to the MHz 
chirp: bandwidth 


oldprase = 2 para (ti bl) 2 4 srgpari2,10ax)7cl); 
So laprase == "nu EE 
Solaphase = ml El. el + 2 pi Sip seb) pai, 


oldphase = mod(oldphase, 2*pi); 
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$ quantize the oldphase to 1 of 8 phases 

int oldphase - round(oldphase/b); 

oldphaseq - b*int oldphase; % quantize the phase 
xc = exp(sqrt(-1)*oldphase) ; 

lx = (sigpar(1,idx)): (sigpar(1,idx))+length(xc)-1; 
pri_rg_map(idx1,1x) = xc+pri_rg_map (idxl,1x); 
pri_rg_phaseq(idx1,1x) = int_oldphase; 


eG exp (sqrt (-1) *oldphaseg) ; 

XCO p*5roundisequp) $ quantize the phase 

pri rg mapq(idx1,1x) - xcq-*pri. rg mapq(idxl,1x); 

% phase focusing 

dopphase = 2*pi*sigpar (4, idx) * (idx1)*pri; $ approximation qd 


here 

+dopphase = 2*pi*sigpar (4,idx)* (idx1-1)*pri; % approximation used 
here 

newphase = oldphase + dopphase*ones(size(oldphase) ); 

XI cos (newphase) ; 

xQ sin (newphase); 

xl = Sigpar(3,1idx) * (xI+sqrt(-1)*xQ) ; 

pri .rg map .shift(idXl,lx) - pri rg map shift(rdxlj x) +. 


int dopphaseq - round(dopphase/p); 

dopphaseq - int, dopphaseq*p; 

newphaseq = oldphaseq + dopphaseq; 

xI = cos (newphaseq) ; 

xQ = sin(newphaseg) ; 

xI = round(xI/a)*a; 

xQ = round(xQ/a) *a; 

xl = sigpar(3,idx) * (xI+sqrt (-1) *xQ); 

pri rg map shiftq(idxl,lx) = pri_rg_map_shifttq(idxl, 1x) +s 


% store the dopphase value (ignore intrapulse phase change since 
it is small) 


SEDEINEL( EL, zaran TInt dopphased); Soriginals 
code, incrementation of phase modulation coefficients 

$fprintf(Efl,' SdNrNm EE EE EE ne Sto get 
true phase modulation coefficients each PRI 

fprintf (il, '‘*d\r\n",mod(2*fix(int*dopphaseg/2)}3 0061... 
represent phase modulation coefficients using 4-bits words 

end 

end 
fclose(fl); 


noise - randn(size(pri rg map))*c snr(snr); noise = 0; 
pri rg map - pri rg map + noise; 
pri rg map shift - pri rg map shift + noise; 


$ Perform pulse compression 
% (a) for the non-quantized phase case 
disp('Creating reference waveform'); 
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ph =@2501* ((k*tl “tape 2 + sicgpar(t291)*t1l); 
crefc = sqrt(j*k)*exp(j*ph); 
cref - conj(fft(crefc,2*rg pts-1)); 


save pc ref cref tl 


Seba (le um 
*serefc. = exp(sqrt (=) ph): 
arer = CON) (bit (Creme, 2* rq pes-i0)- 


$save pc_ref cref tl 
pc_ref_map 
pc_ref_map_shift 


ERE (PERE EE 2 O pes hi 
IRtoppierdgemapssHrtto 2*5rq-q8Dts-l)- '- 


disp('Performing pulse compression'); 


pPri_rg_mapl 
pri_rg_map2 


zeros (size(pri_rg_map) ); 
zeros(size(pri rg map)); 


$--- Compress the original signals 
pom stax = 1:dp pts 

tmp = cref.*pc_ref_map(idx, :); 

mb -atrttshiftt ERE tap). 

pri rg mapl(idx,:) = tmpl(í(rg pts:end); 
end 
$--- Compress the Doppler shifted signals 
motes. = 1:dp pts 

bmp - cref.*pc ref-map-shusetidx,-); 

cmpl -frcshrzfttirtft(tmnp)D. 

pri rg-map2(10x,:) = “Empl (eaquptss end); 
end 


$ Compute the rg-dop map 


disp Plotting r-d map'); 


dp rg map 
dp rg map shift 


[se d] size(dp rg map); 
rax = 1:(length(ly)); 
dax 0: (length(1x))-1; 


abs (dp rg map); 
shift abs(dp rg map shift); 


dpy 
dpy_ 


if (noplot 0) 


figure(1); 


subplot (2, 171); 

h contour(dpy,Ncontours); 
title( a Original Rd=Dp Map”) 
axis([1 62 O dp_pts]) 

xlabel ('Down Range Cells'); 
subplot 2 2 

h 
axis([1 62 O dp_pts]) 


conbEour(dpy shi f&e,Neencours) ; 


Pet (pring Map lL dpepes): 
TEE (price map2,dp*pts); 


grid 


vlabel ('Cross Range Cells'); 


grid 
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CO 


1)/deltaDegrees) ; 


title('b. Amplitude and Doppler Modulated Rd-Dp Map'); 
xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 


$ Perform pulse compression 

$ (b) for the quantized phase case 

disp('Performing pulse compression for quantized phase case'); 
pe_ref_mapq = Etripeilrg.mapa. 2 rLolpes-1).. 
pc_ref_map-sh1ftq EEN 
pri. rg map3 - zeros(size(pri. rg mapq)); 

pri. rg map4 - zeros(size(pri. rg mapq)); 


$--- Compress the original signals 


for idx = 1:dđp_pts 
tmp = cref.*pc_ref_mapq(idx,:); 
tmpl EEN 
pri_rg_map3(1idx,:) = tcmpl (ro pes: end), 
end 


%--- Compress the Doppler shifted signals 


for idx = 1:dp_pts 
tmp = cref.*pc_ref_map_shifta(idx, :); 
tmpi s fftshyitt(ifftítmp) 
pri rg mapd(idx,:) = tmpl(rg_pts:end) ; 
end 


$ Compute the rg-dop map 
disp( Plotbp nM "r-d map. 


dp.rg mapq = fft(pri_rg_map3) ; 
dp_rg_map_shiftq = fft (pri_rg_map4); 


[1x,ly] = size(dp_rg_mapq) ; 
rax = 1: (length(ly)); 
dax - 0: (length(1x))-1; 


dpyq = abs (dp_rg_mapq) ; 
dpy_shiftq = abs(dp_rg_map_shiftq); 


% -- Simulation of phase quantizing DRFM 

% Now convert amplitude to phase. 

% Convert phase to positive numbers between 0-360deg, so do not need 
handle 

$ negative numbers in Altera. 

pri. rg mapqd angle - mod(pri. rg phaseq,2*pi); 

pri rg mapq shift angle - angle(pri rg map shiftq); 


f2 = fopen( ‘rawint.txe wi 
[1x,ly] » size(pri rg mapq angle); 
deltaDegrees = 2*pi/(2“nbitsdop) ; 
tor aoa Ss p sx 
int_raw = round(pri_rg_mapq_angle(i,1:num_chirp_samples- 
% need to store in Visual basic text file format 
ETH EE 
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int raw = 
round(pri, rg mapq angle(i,num chirp samples)/deltaDegrees); 
bourinttüot2 sdXrim unt raw): 
end; 
fclose(f2); 
uua sp Man bat Spa, 
pri rg mapq drfm - exp(sqrt(-1)*(round(pri. rg mapq angle/q))*q); 
pri. rg mapq shift, drfm = exp(sqrt (- 
1)*(round(pri. rg mapq. shift angle/q))*q); 


Perform pulse compression 
(C) for the quantized phase case with phase DFRM model 
disp('Performing pulse compression for quantized phase case 
(simulates phase DFRM effects)'); 
po reft mapag EE dEr 
pe ref mapg shift drfm = fft(pri._rg mapa shift_darfm.',2*"rg PS- Wire, 
pri rg map5 - zeros(size(pri. rg mapq drfm)); 
pri rg mapó6 - zeros(size(pri rg mapq shift drfm)); 


$ 
% 


%--- Compress the original signals 


tor idx - 1:dp pts 
tmp = crel pe ref- mapag arta. le 
empl EEES EIA EEE (En 
pri ragimap>(1ax,:) =  tmel(rg_pes: end); 
end 


%--- Compress the Doppler shifted signals 
eorgidx#= di-dp pts 
tmp = cref.*po ref mapd shife drimiidk,:); 
tmpl =K£Leshibt EE 
pri-rg map6(idx,:) s tmpltege2 pts: end); 


end 


% Compute the rg-dop map 
disp Plotting =- -r-d map’); 


dp rg mapqd drfm zs fft(pri rg map5); 
dp.rg map shiftg drfm = tít(pri_rg_map6); 


[Ix dv] s size (dpWwEq-mapcpeG Em); 
rax s ie (lengtnily).); 

dax - 0: (length(1x)); 

erea O02 (length (tx) )=15 


dpya_drím - abs(dp rg mapq drfm); 
dpyq shift drfm - abs(dp rg map shiftga); 


save plot dpyq dpyq shift drfm 
end 


figure(1); print -dtiff simhostl 
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e. simhwchkv4.m 


SSESESESESESESESESEEEECESESEEEEEEEEEEEEEEEEESEEEEEEEEEEESEEEEEEEEEEEESSEYS 
6 simhwchkv4.m 

% MAJ Stig Ekestorm, Feb -00 

$ Modified version of simhwchkv0.m 

$ Purpose: This program performs a architectural true simulation of the 
% Digital Image Synthesizer hardware 

$ Modifications will perform "parallel processing" and then "serial 

% summation" including: 

$ - correction at start-up ("initialize outputs from the taps, one tap 
$ after another") 

$ - correction at the end ("shutting down the taps, one tap after 

% another") 

% Original file: simewcik-m by SY YEO, saul - Js 

2; 8 $; 2; 25 9; 2; 9595 95 95 95 15 25 95 2: 95 75 95 95 0: 95 9595 9,9505 9525 95 9; 0; 0,059: 259; 9; 9:0: 05 9505 25 95 9:95 095 95 05 05 9; 9; 9; 0:05 95 q; 65 d; 9595 0595 25 95 5 95 $65 
clear 


global dp. pts 
global rg.pts 
global doppler. inc 


set(O,'defaultAxesFontSize',8); 


noPlot = 0; 
Ncontours = 20; 


depthLUT = 32; 

WidthLUTFile - 2; $ in undbsasot number OrSe mc o 
wiAthLUT = 8; %n bits 

ndopbits = 5; 


SO A rade 


% Read from data files 


QA A RARA AA AAA AA RARA AA AAA AAA 


% Read from para.dat 


%fidl= fopen('para.txt','r'); *opens para txt boost: 

Sfid = fopen('paraMULTI.txt','r'); opens paraMULTI.txt to be read 
$fid - fopen('paraMULTIq5.txt','r'); $opens paraMULTIq5.txt to be read 
$fid - fopen('paraMULTIq4.txt','r'); $opens paraMULTIq4.txt to be read 
$fid - fopen('paraMULTIq4NEW.txt','r'); $opens paraMULTIg4NEW.txt to be 
read 

&fid = fopen('paraMULTIq4Vcasel.txt','r'); $opens paraMULTIq4Vcase.txt 


to be read 
fid - fopen('paraMULTIq4Vcase2.txt','r'); $opens paraMULTIg4Shipl.txt 


to be read 


tmp = fscanf(fid,'%f'); treads in the values, for non-quantized test 
case 
$tmp - fscanf(fid,' $d'); treads in the values 


nRangeCell - tmp(l); $1st value. 62, represents ume number of range 
cells 
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nDopplerCell = tmp(2); %2nd value: 64, represents the number of radar 
pulses 

targetExtent tmp(3); 3rd value: 3, represents the radial length of 
the target expressed in number of range cells 


gain = tmp(4:4+targetExtent*nDopplerCell-1); 
gainRev = reshape (gain, targetExtent, nDopplerCell); 
tmpl = tmp(4+targetExtent*nDopplerCell:end); 

phi = reshape(tmpl,targetExtent,nDopplerCell); 


$gain = tmp(4:4+targetExtent-1); %4th to 6th values: 1,2,4 - the gain 
value for each tap 

$gainRev = fliplr (gain); 

$tmpl = tmp(4-targetExtent:end); $ 7th to last value: the phase- 
increment values for each tap 

$phi - reshape(tmpl,targetExtent,nDopplerCell); $3x64 matrix with zeros 
afecte ist column 

fclose(fid); 


% Read from rawint.dat 
raw = zeros(nDopplerCell,nRangeCell); %create a 64x62 matrix, 
initialized to zeros 
erid = fopen('rawint- txt; 'r')]; %epen rawin EXE CO De read 
for j = 1:nDopplerCell 
for k = 1:nRangeCell-1 
raw(j,k) = £scanf(fid, '%d',1); 
comma = fscanf(fid, '%c',1); 


end 
raw(j,nRangeCell) = fscanf(fid, '%d',1); 
end 
fclose(fid); 
[row,col] = size(raw); 
raw = [raw,zeros(row,targetExtent-1)]; $raw: 64x64 matrix, last 2 
columns with zeros 
Kraw = [raw, zeros (row, CargetExtent)]; traw: 64x65 matrix, last 5 


columns" wJth zeros 


% Read from the LUT files. 


load -ascii cosine.txt è variable is cosine 
load -ascii sine.txt S variables e 


% initialize some intermediate variables and vectors 
Tgt_Extent=targetExtent; 

DRFM_Phase=raw; 

GainRev = gain'; 

gainRev = gainRev'; 

Phase_inc=phi; 

phiRev = zeros(Tgt_Extent,1); 

depthLUT = 32; 

phaseAdderOut = zeros(Tgt_Extent,l); 

lutOut = zeros (Tgt_Extent,1); 

tapOut = zeros(nRangeCell + (Tgt_Extent-1),Tgt_Extent) ; 


% open files to write results to 
Sil = fope Check. xe WG scan- path tes. 
P2 i= sfopen(  LOut2t xe wy $ I-values, final output 
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£3" =] open 'Oove. ee wy) % O-values, final output 
T 


{4 = fopen('Iout bin.txt','w'); % I-values in 2-complement binary, 
final soueEpDut 
£5 = fopen('Qout bin.txt','w'); % Q-values in 2-complement binary, 


fina output 


% signal processing 
ror batchCcnt s l*nbpopplerce! 


disp(['Processing Pulse 'num2str(batchCnt)]); 

for intraPulseCnt = 1: (nRangeCell + (Tgt_Extent-1)), % clock cycle 
% --- This part simulates the intra pulse processing in hardware 
SThis part does "parallel processing" and then "serial summation" 
% "parallel processing" . 


$ initialize some intermediete variables and vectors 
tap-zeros(1,Tgt Extent); 


$ extraxt DRFM-phase data 
DRFM, data-DRFM, Phase (batchCnt,intraPulseCnt); 
for idx=l:TgC Extent, 
tap (1dx) =DRFM_data; 
end 


$ phase addition (add phase-increment (Doppler offset) to DFRM 


phase data) 
phaseAdderOut=tap(1:Tgt_Extent)' tr Phase inc(:,batchCnt); 


$ phase-amplitude look-up (to obtain complex time signal) 


$tmp=mod (phaseAdderOut,32)/32*2*pi; %test case 
with non-quantized phase and LUT 

"syutOUE - cos(tmp) + sgqrt(-1)*s1n Emp, $test case 
with non-quantized phase and LUT 

tmp = mod(phaseAdderOut,depthLUT) + 1; Soriginal DIS 
code 

lutOut = cosine(tmp) + sqrt(-1)*sine(tmp) ; soriginal DIS 
code 

% correction at the end ("shutting down the taps onest ar ar an 
another") 


if intraPulseCnt>nRangeCell, 
for idx2=1: (intraPulseCnt-nRangeCell), 
EE 
end 
end 
$ gain modulation, and storing values in an intermediate matrix 
if intraPulseCnt<=nRangeCell, 
GainOut = gainRev(batchCnt, :)'.*lutout; 
for idx3=0:Tgt_Extent-1, 
tapOut (intraPulseCnt+idx3, idx3+1)=GainOut (idx3+1) ; 
end 
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end 


$ final accumulation - "serial summation" 
$ — lst: extract partial sums (I and Q) 

% - 2nd: extract final sums (I and Q) 
tapNew=tapOut ; 

add=0; 

tt=Tgt_Extent; 


m upto 
while tt>=2, 
add=add+1; 


tapNew (intraPulseCnt, tt- 
l)=tapNew(intraPulseCnt,tt)+tapNew(intraPulseCnt,tt-1); 
partial_tapsum(intraPulseCnt,l)=tapNew(intraPulseCnt,tt-1); 


tt=tt-1; 
end 
tt=tt-I; 
end 
if tt==1, 
partial_tapsum(intraPulseCnt,1)=tapOut (intraPulseCnt,1); 
end 


Iout=real(partial_tapsum(intraPulseCnt,1)); 
Qout=imag(partial_tapsum(intraPulseCnt,1)); 


$ write final results (I and Q) to separate files 
format long 
Rhprrintt(t2, Gute 
iprinti (3, so LW, QO0uUe), 
EE $0 ,decZtwol lout, o, 1). 
Portier ra. Wi) 
fprrutb(b5. 6a ,aecZewo(Oout,4, 7), 
fprinpr SES): 


end %intraPulseCnt 
finalAdderO0ut(batehCEnt, :)=con] (pabertal tapsium se 
end %batchCnt 


% close files 
fclose (f2); 
fclose (f3); 
fclose (f4); 
fclose (f5); 


OERE KARERE EEKE EAA EE REE ERE 


% Pulse Compression 


X cx deo ck de ck oe KE KKK KE KEK KE KEKE KK 


de 


%--- Compress the Doppier shifted signals 
load pc_ref 
priRgMapShift = zeros(nDopplerCell,rg_pts); 


ETC 
pcRefMapShift - fft(finalAdderOut.',2*rg pts-1).'; 
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for idx = 1:nDopplerCell 
tmp = cref.*pcRefMapShift (idx, :); 
tmpl = fftsSshifte rere mpl), 
priRgMapShift (idx, 1:end-targetExtent+1) = tmp1 (rg_pts+targetExtent- 
Tend), 
end 
dpRgMapShiftMOD - abs(fft(priRgMapShift)); 
SdpRgMapShift = abs(fft(priRgMapShift)); 
toc 


dpRgMapShi ftMOD4Vcase2=dpRgMapShiftMOD; 
finalAdderOutVcase2-finalAdderOut; 

save plotMOD4Vcase2 dpRgMapShi ftMOD4Vcase2 
sdpRgMapShi ftMOD4Ship2=dpRgqMapShiftMOD; 
save plotMOD4Ship2 dpRgMapShi ftMOD4Ship2 
*$5apRgMapShiftMODANEW-dpRgMapShiftMOD; 
$save plotMODANEW dpRgMapShiftMODANEW 
$dpRgMapShiftMOD4-dpRgMapShiftMOD; 

save plotMOD4 dpRgMapShiftMOD4 
SdpRgMapShiftMODS5=dpRgMapShiftMOD; 

$save plotMOD5 dpRgMapShiftMOD5 
$dpRgMapShi ftMODnot=dpRgMapShiftMOD; 
$save plotMODnot dpRgMapShiftMODnot 

save plotMOD dpRgMapShiftMOD 


save fAddOut finalAdderOut 


QS ck e ck ee ke ke e e e ke de e ck ok e ek e o 


$ Display 
Bee RR Rk RR RRR RR RK eK KK Kk ek x 
TEMO. Tar” == MON 

figure (2); 


load plot.mat 

Subp lem (2) ly) 

f= contour (dpyg,Ncontours); grid; “axis((1 64° 0) dp pes 

sh == contour (dpyqa_shift_drfm,Ncontours).. grid, axis (06.05.5245 

title('a. Amplitude and Doppler Modulated Rd-Dp Map (unmodulated / 
MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis([1 62 0 dp pts]) 

subploe(2, 15.2); 

h = contour (dpRgMapShiftMOD,Ncontours); grid; axis([1 64 0 dp_pts]) 

$h = contour (dpRoMapShift,Ncontours); grid; axis(|l 208 EP 

title('b. Amplitude and Doppler Modulated Rd-Dp Map (Bit-True, 
modulated / MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis([1 62 O dp pts]) 
end 
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f. simhwchkv4 write.m 


$5 6 6 5 5 95 55 25 9 95 95 95 95 95 95 95 95 05 5 05 05 95 9:95 9595 95950: 050505 9:9: 0:05 9505 059595050595 050505 259: 9,95 9:05 00:0: 8: 59: 0. 00 9: 0. 0:0 9 9 0 0 


$ simhwchkv4 write.m 

$ MAJ Stig Ekestorm, Feb -00 

% Modified version of simhwcehkvO.m 

© Pūrpose: This program perroms a architectural true simulation of Che 
% Digital Image Synthesizer hardware 

Wiod.rfications will perform “parallel' processing" anda then “serial 

$ summation" including: 

og ccorrecblon at start-up ("initialize outputs from the taps, one tap 
% after another") 

$ - correction at the end ("shutting down the taps, one tap after 

% another") 

peOa@i gine! file: simhwchk:m by SY. YEO, Jul 9s 
ESESEEEEESEESEEEEEEESCESEEEESEEESEESEEESEEESESEESEESEEESEEEESSESESESEEESESES 


clear 

global dp_pts 

global rg_pts 

global doppler. inc 

set(0, 'defaultAxesFontSize',8); 


noPlot = 0; 
Neoncours = 20; 


depthLUT = 32; 

widthbÜTETIle -— 2; $ in units of number of hex digits 
WiGdenbUl = o>" On Dits 

ndopbits = 5; 


SITE A RA ee Ae O AO 


% Read from data files 

OKK KKK RER KA KOKKE KAEA EA E oe MSN E 

% Read from para.dat 

Sid = fopen( ‘para. ext’, 'r'); *5opens paraeexcotoMpDel ea 

$fid = fopent'paraMULTti.txt',*ré), *opensftparaMUlti sese Wood 

slid = fopen|'paraMUbTTGS.txt y Na pens pae Mbit ooo 

fid = fopen('paraMULTIq4.txt','r'); $opens paraMULTIG4.txt to be read 
'r'); $opens paraMULTIq4NEW.txt to be 


%fid = fopen('paraMULTIg4NEW.txt', 
read 
Sfid = fopen(l'paraMULTIg4Shipé4a.txt','r'); $opens paraMULiMicishtplbest 


to be read 
fid = fopen('paraMULTIq4Vcase2.txt','r'); $opens paraMULTIg4Shipl.txt 


to be read 


Stmp = fscanf(fid,'%f'); reads in the values, for non-quantized test 


case 
tmp - fscanf(fid,'$d'); treads in the values 


nRangeCell - tmp(1); $1st value: 62, represents the number of range 
cells 
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nDopplerCell = tmp(2); %2nd value: 64, represents the number of radar 
pulses 

targetExtent = tmp(3); $3rd value: 3, represents the radial length of 
the target expressed in number of range cells 


gain = tmp(4:4+targetExtent*nDopplerCel1-1); 
gainRev - reshape(gain,targetExtent,nDopplerCell); 
tmpl = tmp(4+targetExtent*nDopplerCell:end); 

phi = reshape(tmpl,targetExtent,nDopplerCell); 


$sgain = tmp(4:4+targetExtent-1); %4th to 6th values: 1,2,4 - the gain 
value for each tap 

$gainRev - fiiplr(gain); 

stmpl = tmp(4+targetExtent:end); % 7th to last value: the phase- 
increment values for each tap 

$phi - reshape(tmpi,targetExtent,nDopplerCell); %3x64 matrix with zeros 
in ere lst column 

fclose(fid); 


% Read from rawint.dat 
raw = zeros(nDopplerCell,nRangeCell); $create a 64x62 matrix, 
initialized to zeros 
fid. fopen( rawink r); sopen rawint. ixt to DONDE 
for ) = 1:nDopplercerl 
for k = 1:nRangeCell-1 
raw (), kjse-etScameitid,' sd", 1); 
Comma = fscani (fid ee I); 


end 
raw(j,nRangeCell) = fscanf(fid, '%d',1); 
end 
fclose(fid); 
[row, col] = size(raw); 
raw = [raw,zeros(row, targetExtent-1)]; $raw: 64x64 matrix, last 2 
columns with zeros 
Sraw = |raw, zeros (row, targetExtent) ]> raw: 4-5 noe. Ml ES 


columns with zeros 


% Read from the LUT files. 
load -ascil cosine.txt = variable is Cosine 
load -ascii sine.txt % variable is sine 


% initialize some intermediate variables and vectors 
Tgt Extent-targetExtent; 

DRFM Phase-raw; 

GainRev - gain'; 

gainRev - gainRev'; 

Phase inc-phi; 

phiRev - zeros(Tgt Extent,1); 

depthLUT = 32; 

phaseAdderOut = zeros(Tgt Extent,1); 

lutOut 2 zeros(Tgt Extent,1); 

tapOut - zeros(nRangeCell « (Tgt Extent-1),Tgt Extent); 


$ open files to write results to 
tauzcropen('checkvd pp WE $ "scan-path test" 


2 0= Eopenl'lout.tXt y wi); % I-values, final output 
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ES fLopen(  Gcur. txt ub) % Q-values, final output 

f4 = fopen('Iout_bin.txt','w'); % I-values in 2-complement binary, 
finaMeueput 

f5 - fopen('Qout bin.txt','w'); % Q-values in 2-complement binary, 
Penal Ourowe 


% signal processing 
for batchCnt = l:nDopplerCell, 


fois E esi F ja lg (gts nie delie E EE 


EDEILACGI LI” aid 

princi (TA 

Epa (flee Ss s0\ rn) pate nenet (| kacarerulse) "jbatcncnt 
Bor fu PUE Eu 

disp(['Processing Pulse 'num2str(batchCnt)]); 


for intraPulseCnt = 1:(nRangeCell + (Tgt_Extent-1)), $ clock cycle 


Forinti I oos mr nosUPraPpONco?Urgmtrarbulbsecmt 

fe Le a 

PELE El Ce 
Pulse',intraPulseCnt) ; 


% --- This part simulates the intra pulse processing in hardware 
$This part does "parallel processing" and then "serial summation" 
Q " 7 a tt 

$ "parallel processing 


% initialize some intermediate variables and vectors 
tap-zeros(1,Tgt Extent); 


% extraxt DRFM-phase data 
DRFM_data=DRFM_Phase(batchCnt,intraPulseCnt); 
fprintf(f1,'%s\r\n', 'DRFM-phase Data processed: '); 
for idx=1:Tgt Extent, 
tap(idx)=DRFM_data; 
end 
tor 3cxsld:Tgt- Extent; 
tpeltnef(elo sia”, capi 10X-1)G 
DRFM_bin=dec2two (DRFM_data,5,0); 
toruntf(fl,' :SdgVr n "$DREM-data)s 
EPR (Elias OREM pan 2:76) 
rene ao 
EE EEN 
end 


% phase addition (add phase-increment (Doppler offset) to DFRM 
phase data) 
phaseAdderOut=tap(1:Tgt_Extent)' + Phase_inc(:,batchCnt) ; 
forint (EL oh alae 
fprintt (fi, ss \r%n 4 'Phase-incrementas).- 
for tuydx-lTOgESEXCeHEt, 
fprine fel sd tap',idx-1); 
SEOrinte (fl, (2 6e\n Ope era Ined): 
Trorimertt!, "ssd = dec7Zewo opel leraime (10x) 7370) 1% 
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fprinttügl s San”, Phase _inciicx, batecnent yi 
phase, inc-dec2two (Phase inc(idx,batchCnt),5,0); 
prints, phase inc(1, 2.5300 
fprintf os in^). 
EPICA the 
end 
forinti (FIr a): 
fprintf(£1,'$%s\r\n','Phase-rotation Register:'); 
tor 1dx—=) Tot Extent, 
tOsintee( (EL. 3ssd',' tap',idx-1); 
fprintf(£1,':%d\n',mod(Phase_inc(idx,batchCnt),32)); 
Pi=dec2two (mod (Phase_inc (idx,batchCnt),32),5,0); 
EE &d', Pi(17246)095 
pm cial 
Rei Aia e 
end 
Nile (El Na) , 
EE EE E E EE EE EE 


Pulse',intraPulseCnt+1); 


fprintf EE After Phase Adder qu 

for idx=l T3 Extent? 
Or item sid s tap',1dx-1); 
fprintf(f1,':%d\n',mod(phaseAdderOut (idx) ,32)); 
pAO=dec2two (mod (phaseAdderOut (idx) ,32),5,0); 
fOrintmGnie~eme sa’, 5DAO(I.2:6))7 
fprintt(Et. e). 
Pre (ERA 

end 

Printer rino »E 

fprintf(fl, NtNXCNCVENCVENENENEVESS S So EUIS CIS 


Pulse',intraPulseCnt+2) ; 


% 


o 
Q 


code 


% phase-amplitude look-up (to obtain complex time signal) 


tmp=mod (phaseAdderOut, 32) /32*2*pi; Stest case 
with non-quantized phase and LUT 
luctOut - cos(tmp) * sqrt(-T)*sin(tnmp)sS $test case 
with non-quantized phase and LUT 
tmp = mod(phaseAdderOut,depthLUT) + 1; $original DIS 
lutOut = cosine(tmp) + sart(-1)*sine(tmp); original DIS 


code 


fprint (£1, sirin a Ai Cer LUT S( 2 -veluce iia 

for 1ax=1:Tot_Extent, 
fDrumDELt(rl,'t*tstd' n tap',idx-1); 
forint iell 5 /f\n «teal (lubeOur (ie) je 
EOrinet(tl,” ta ,decZtwo (real (1ueOut (idx) 20,7); 
fprintt(tl "vn m 
EDIIMREL(EL. Aa an 

end 

fprintf(£f1,'%s\r\n','After LUT (O-values):'); 

for i1dx=1: Tot Extent, 
foOrintel (wi sc tap Td) 
fprintf (fl, ':%5. 7f n imagloe0u ee) 
fprintf(fl,' $d',dec2two(rmag(lutOut(se05)) 20S 
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mea tet (ile aa 
Eoin (fly 5 o 
end 


$ Correction at the end ("Shutting down the taps one tap after 


another") 


Pulse' 


if intraPulseCnt»nRangeCell, 
for idx2-1:(intraPulseCnt-nRangeCell), 
lūütouüut((idx2)/:)=0; 
end 
end 


prnl Na y: 
fPprinttitl ASA Clock 
,intraPulseCnt+3); 


$ gain modulation, and storing values in an intermediate matrix 
EPEINEL( Ply Ss\r\n Gain Value:'}); 

for 1d0x-l:Tgt Extent, 

% ley Gainkey()) ii 

GainRev2-0; 


oo 


% elseif GainRev (1, idx)==2, 
% GainRev2=1; 

% elseif GainRev(1,idx)==4, 
% GainRev2=2; 

$5 elseif GainRev(1,1dx)==8, 
% GainRev2=3; 

% end 

EDEN ELE Sc tap',idx-1); 


Eprintt (fl, 5 wWrfim*'ogadsnRevbatehonbcecds E 
GRbin=dec2two (gainRev(batchCnt, idx) ,2,0); 
Eprintrttrl,'" da” (GRO) 
Bre ite EE 
FREIRE, Vou): 
end 
if intraPulseCnt<=nRangeCell, 
GainOut = gainRev(batchCnt,:)'.*lutOut; 
for idx3=0:Tgt_Extent-1, 
tapOut(intraPulseCnt+idx3,idx3+1)=GainOut(idx3+1); 


end 
end 
fbrantf(fl.'$swrin',"AFter Gain Block (I-values):'); 
for cc d TDgESEXESnt 

IDEIHERORI "$55 4. tap idx- I); 


PorINeE Crd,’ 225-70 \m 7 read (Garmout (10x) )) > 
fprintf(ftl,'  $d' ,dec2two(real(GarxhnOHE(tzckk)),3, 2) 
BDprimtrorsl ur no 
foBIMnEtf oto EAD) 
end 
fprintr(fl, $5 V rWn' "Arftter' Gard Block “(O-values)::."); 
for idx-1:Tgt Extent, 
EE E tap',idx-1); 
forihnbE(fl,' 55 7f n u2:maeusainouti3]gdx))s 
forinet (fl, ta ,dec2Zewotimag(Gainout (1dx) ),3,7)); 
pencil: Vr a) 
forlIDntROLI EE 
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end 


fprinte (fi si hit 
fprintf(fl m PP ENENENVEVENESS EG E Pio 
Pulse',intraPulseCnt+4) ; 


6 final accumulation - "Serial summation" 
% - lst: extract partial sums (I anad $5 
- 2nd: extract final sums (I and Q) 
tapNew-tapOut; 
add=0; 
tt-Tgt Extent; 
fprintf(£1,'%s\r\n','Final values in each tap (I- and 0- 
values) :'); 
fpraint ele de Final I-value in tap',tt-1); 
fprintf£(f1,':3%5.7fin', real (tapNew(intraPulseCnt,tt))); 
fprintf(f1,' %5d' dec2two (real (tapNew(intraPulseCnt,tt)),8,7)); 
print) 
[pDrInte Gein) 
EE dit," Final Q-value in tap',tt-1); 
fprintf(fl,':2$5.7fMn',imag(tapNew(intraPulseCnt,tt))); 
fprintf(fl,' $d',dec2two(imag(tapNew(intraPulseCnt,tt)),8,7)); 
DEE ain"); 
fprinc t er A 


oe 


if tt>=2, 
while tt>=2, 
add=add+1; 
tapNew(intraPulseCnt,tt- 
1)=tapNew (intraPulseCnt,tt)+tapNew(intraPulseCnt,tt-1); 
EDBratE (Els sa). Final I-value in tap',tt-2); 
fprintf(£1,':%5.7f\n',real(tapNew(intraPulseCnt,tt-1))); 
fprintf(fl,' $d',dec2two(real(tapNew(intraPulseCnt,tt- 


100) 8r Jala 
PEPE a e 
formo (EL AN 
EPBrintr (tl, $9905 Final Q-value in tap',tt-2); 
fprintf(£1,':%5.7f\n',imag(tapNew(intraPulseCnt,tt-1))); 
fprintf(£f1,' $d',dec2two(imag(tapNew(intraPulseCnt,tt- 
TUSCE 
SEET A 
SE EE E 
partial_tapsum(intraPulseCnt,1)=tapNew(intraPulseCnt,tt-1); 
tt-tt-1; 
end 
tt=tt-L; 
end 
if tt==1, 
partial_tapsum(intraPulseCnt,1)=tapOut (intraPulseCnt,1); 
end 


fprince(el Are 

Iout=real (partial_tapsum(intraPulseCnt,1)); 
Qout=imag(partial_tapsum(intraPulseCnt,1)); 

fprintf(f1, 'SsirWnm”, "Fimal Output values mee crc O-values):'); 
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Borgpnttifti,'eesd' Iout - Final I-value for 
intraPulseCnt',intraPulseCnt); 

Ran ESE a, Tout): 

Print 2d" aec2two(Iout, 3, /)); 

EPR (EL, NENA O 

PEINE var; 

EDFIMNGL Cll sSssc y Qout - Final Q-value for 
intraPulseCnt',intraPulseCnt); 

EDraner rl, + 55.7 © \n Oout); 

LtprsnEpt(flo zd',dec2two(Qout, 8, 7); 

ED inci (fL Arn y: 

IIe (ee Non ee Va) 

Eprintf£ (fl, '%s', '----------- ~~ — == 3 nn nn __________- 
lk 

EDEXLACE (TINE) 


% write final results (I and 0) to separate files 
format long 
EDSIDEROE2 EE 
prints 5.7: wOout)yc 
Eprintrt (rd "ta dec2twotlout)957))5 
Lorrnerpet4d ig) 
fprintf (f5, to, ceczewo (Gout 0 2) 
DELE DES we mi 


end $intraPulseCnt 
finalAdderOut (batchCnt, :)=conj (partial_tapsum'); 
end $batchCnt 


$ close files 
fclose(f1); 
fclose(f2); 
fclose(f3); 
fclose(f4); 
fclose(f5); 


A ek Ke RK ER ee A Re me 


% Pulse Compression 


Serene AKER KEK K KA RK eK Ae ee ee * 


%--- Compress the Doppler shifted signals 
load pc_ref 
priRgMapShi ft - zeros (nDopplerCell,rg pts); 


CIC 
pcRefMapShift - fft(finalAdderOut.',2*rg pts-1).'; 
for idx = 1:nDopplerCell 

tmp = cref.*pcRefMapShift(idx, :); 

empl =, ELESHIT EE (af Pe (emp); 

priRgMapShift (idx,1:end-targetExtent+1) = tmpl(rg_pts+targetExtent- 
l:end); 
end 
dpRgMapShiftMOD - abs(fft(priRgMapShift)); 
SdoRcgMapShgtt - abs(PbPtiprprRgMapsnrtt))s 
LOC 
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dpRgMapShi ftM0D4Ship64a=dpRgMapShi ftMOD; 
finalAdderOut64a = finalAdderOut; 

save plotMOD4Ship64a dpRgMapShiftMOD4Ship64a finalAdderOut64a 
SapRgMapShiftMODAShip2-2dpRgMapShiftMOD; 
*$save plotMOD4Ship2 dpRgMapShiftMOD4Ship2 
$*5dpRgMapShiftMODANEW-dpRgMapShiftMOD; 
$save plotMODANEW dpRgMapShi ftMOD4NEW 
SdpRgMapShiftMOD4=dpRgMapShiftMoOD; 

$save plotMOD4 dpRgMapShiftMOD4 
*$apRgMapShiftMOD5-dpRgMapShiftMOD; 

$save plotMOD5 dpRgMapShiftMOD5 
$dpRgMapShiftMODnot-dpRgMapShiftMOD; 
$save plotMODnot dpRgMapShiftMODnot 

Save plotMOD dpRgMapShiftMOD 

save fAddOut finalAdderOut 


Qi ck ok ck cock ck Sk X che oe rk e are 


% Display 
QS ck ck xk ke ck e e Oe CK Ck UK e de ce x oe e e X 
lf (noPbocuUre--oe0) 

figurez; 


load plot.mat 

subplot (2,1,1); 

h - contour(dpyq,Ncontours); grid; axis([1 64 0 dp_pts]) 

Sn = contour (dpyq_shift_drim, Ncontours); grrd;wexis C DM ONUE TIE 

title('a. Amplitude and Doppler Modulated Rd-Dp Map (unmodulated / 
MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis([1 62 0 dp_pts]) 

subplot (2, 1,27; 

h = contour (dpRgMapShiftMOD,Ncontours); grid; axis([1 64 0 dp_pts]) 

$h = contour (dpRgMapShift,Ncontours);: gri “axis OU UD 

title('b. Amplitude and Doppler Modulated Rd-Dp Map (Bit-True, 
modulated / MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis([1 62 O dp pts]) 
end 


g. simhwchkv2.m 


simhwchkv2.m 


% 

% MAJ Stig Ekestorm, Sep -99 

% Modified version of simhwchkv0.m 

% Purpose: This program performs a architectural true simulation of the 
% Digital Image Synthesizer hardware 

% Modifications will perform "parallel processing" and then "serial 

% summation" including: 

% - correction at start-up ("initialize outputs from the taps, once 
% after another") 

& = correction at the end ("Shutting down the taps, (One Ec 

% another") 

2 Original files-simhwehk im by SY YEO OVIE S 

959; 9; 9; 9; 9; 9; 9,9; 9:050: 9: 0: 9:9: 99:9: 09: 0:09: 99: Q9: 9 9909 090 9,09 90 0 00 q qq 00:0; qr 0, o0; 9 99: 0:9: 9 SS 


clear 

global dp_pts 

global rg pts 

global doppler. inc 

set(0, 'defaultAxesFontSize',8); 


noPlot - 05 
Neontours = 20; 


depthLUT = 32; 
widthLUTFile = 2; % 
wdEhLUT = 8; % n bits 


Mdopbits = 5; 


BERE AA AR e a a RL 


% Read from data files 

Qo ck ck ck A ck ce ke ek ek ke ck e ck ko ck ck Ok kk X ko kox ox 
$ Read from para.dat 
Ddo-ocropen('bara texc'y'r' 
aid = 


EE  paraMULTI EXE Tr]: 


in uni CS Orr UnmnbDer orr NeT gits 


Sopens para.txt to be read 


$opens paraMULTI.txt to be read 


SLid = fLopen('paraMULTIg5-.txt','r')+ opens paraMULT los. ext ston cL 
*$rid - topen('paraMULTIGg4.txt','r')s$opens paraMUETIdg4A txi toe be read 
srid = fopen('paraMULTIGANEW.txt','r'); $opens paraMULTIg4NEW.txt to be 
read 

SEid = topenl'paraMulLTig1Shipl.txe'.'x'): Sopens E EE Leida: 


to be read 


Sep = Escant (ida y 

case 

tmp = fscanf (fid, '%d'); %reads in 
nRangeCell = tmp(1); S1st value: 
cells 

nDopplerCell = tmp(2); %2nd value: 
pulses 

targetExtent = tmp(3); %3rd value: 


the target expressed in number of 
gain = tmp (4:4+targetExtent-1) ; 
value for each tap 

gainRev = fliplr(gain); 

tmpl = tmp(4+targetExtent:end); % 
increment values for each tap 

phi = 
in the lst column 
fclose(fid); 


% Read from rawint.dat 
raw = 
initialized to zeros 
fid = —fopen( “save tx Is 
for j = i:nDbopplerCell 
for k = 1:nRangeCell-1 
raw(j,k) = 


%reads in the values, 


E 


S4th to 6th values: 


reshape (tmpl1,targetExtent,nDopplerCell); 


zeros (nDopplerCell,nRangeCell); 


for non-quantized test 


the values 


represents the number of range 
64, represents the number of radar 
3, represents the radial length of 


range cells 


1,2,4 the gain 


7th to last value: the phase- 


%3x64 matrix with zeros 


create a 64x62 matrix, 


%open rawint.txt to be read 


fscanf(fid,;'$d'.1); 
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comma = fscanf(fid, '%c',1); 


end 
raw(J:nRangecCell) = fscanf (fid, '%sd', 1); 
end 
fclose(fid); 
[row,col] = size(raw) ; 
raw = [Yraw, zeros (row, targetExtent-1)]; %raw: 64x64 matrix, last 2 
columns with zeros 
$raw - [raw,zeros(row,targetExtent)]; $raw: 64x65 matrix, last 3 


columns with zeros 


% Read from the LUT files: 
load -ascii cosine.txt % variable is cosine 
load -ascii sine.txt $ variable is sine 


% initialize some intermediate variables and vectors 
Tot_Extent=targetExtent; 

DRFM_Phase=raw; 

GainRev = gain'; 

Phase, inc-phi; 

phiRev = zeros(Tgt_Extent,1); 

depthLUT = 32; 

phaseAdderOut - zeros(Tgt Extent,1); 

lutOut = zeros(Tgt_Extent,1); 

tapOut = zeros(nRangeCell « (Tgt Extent-1),Tgt Extent); 
$ open files to write results to 
%1 = fopen( checkv2.cxt'", 'w'); 


oe 


"scan-path test" 


{2/-Mfopen toute te wl): % I-values, final output 
f3 = fopen(' Oout. Cxt','w'); % Q-values, final output 
f4 = fopen('Iout_bin.txt','w'); % I-values in 2-complement binary, 


fina ou EU 
£5 = fopen('Qout_bin.txt','w'); % Q-values in 2-complement binary, 
furo Outoutk 


$ signal processing 
for batchCnt s l:nbopplercell; 


disp(['Processing Pulse 'num2str(batchCnt)]); 

for intraPulseCnt = 1:(nRangeCell + (Tgt_Extent-1)), % clock cycle 
% --- This part simulates the intra pulse processing in hardware 
%This part does "parallel processing" and then "serial summation" 
% "parallel processing" 


% initialize some intermediate variables and vectors 
tap-zeros(1,Tgt, Extent); 


% extraxt DRFM-phase data 
DRFM_data=DRFM_ Phase (batchCnt, intraPulseCnt); 
tor 10x=1: Tgt EXtent, 

tap (idx) =DRFM_data; 
end 
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% phase addition (add phase-increment (Doppler offset) to DFRM 
phase data) 


phaseAdderOut-tap(1:Tgt Extent)' « Phase inc(:,batchCnt); 


$ phase-amplitude look-up (to obtain complex time signal) 


$tmp=mod (phaseAdderOut,32)/32*2*pi; $test case 
with non-quantized phase and LUT 

siutout = cosmo) T Sgro. PE Sinin Stest case 
with non-quantized phase and LUT 

tmp = mod(phaseAdderOut,depthLUT) + 1; Soriginal DIS 
code 

lutOut = cosine(tmp) + sqrt(-1)*sine(tmp); original DIS 
code 

$ Correction at tche end (“shutting down the taps one tap arter 
another") 


if intraPulseCnt>nRangeCell, 
for idx2=1:(intraPulseCnt-nRangeCell), 
TOCOEN (Tae 
end 
end 


% gain modulation, and storing values in an intermediate matrix 
for 1dx—= bs tgt extent, 
if GainRev(1,idx)==1, 
GainRev2=0; 
elseif GainRev(1,1idx)==2, 


GainRev2=1; 

elseif GainRev(1,1dx) ==4, 
GainRev2=2; 

elseif GainRev(1,1idx)==8, 
GainRev2=3; 

end 


end 
if intraPulseCnt<=nRangeCell, 
GainOut = GainRev.*lutOut'; 
for acdx3s0:Tgr Extent-l, 
tapOut (intraPulseCnt+idx3,idx3+1)=Gain0Out (idx3+1); 
end 
end 


de 


final accumulation - "Serial summation" 
- lst: extract partial sums (I and O) 

- 2nd: extract final sums (I and Q) 
tapNew-tapOut; 

add=0; 

tt-Tgt Extent; 


Qe 


oe 


il CE- 2, 
while tEt>=2,; 
add=add+1; 


tapNew(intraPulseCnt,tt- 
1) =tapNew(intraPulseCnt,tt)+tapNew(intraPulseCnt,tt-1); 
partial_tapsum(intraPulseCnt,1)=tapNew(intraPulseCnt,tt-1); 
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tt=tt-1; 
end 
tt=tt-1; 


^ 


GI 


if ttzz A 
partial_tapsum(intraPulseCnt,1)=tapOut (intraPulseCnt,1); 
end 


lout=real (partial_tapsum(intraPulseCnt,1)); 

Qout-imag(partial tapsum(intraPulseCnt,1)); 
cCowrsccaerinaberesults (I and Olto separate riles 

format long 

INCE Eeer E 

e EE EE EE 

EE Eeer > 

ee EE 

EE EE le ee EE 

EE En) 


end $intraPulseCnt 
finalAdderOut (batchCnt,:)-partial tapsum'; 
end %batchCnt 


$ close files 
$fclose(f1); 
fclose(f2); 
fclose(f3); 
fclose(f4); 
fclose(f5); 


go ck ck e ke kk ke ke ke ke ke ke ek kk kk kk kk ko ko kk 


$ Pulse Compression 
go c ek e e e ke kk e kk ke ke ke kk kk kk ko kk 
%--- Compress the Doppler shifted signals 
load pc. ref 
priRgMapShift - zeros(nDopplerCell,rg pts); 
ERE 
pcRefMapShift - fft(finalAdderOut.',2*rg pts-1).'; 
for idx = 1:nDopplerCell 
tmp = cref.*pcRefMapShift(idx,:); 
tmpl s fftshryftt(rEftCEmp)JE 
priRgMapShift (idx,1:end-targetExtent+1) = tmpl(rg_pts+targetExtent- 
l:end); 
end 
dpRgMapShiftMOD = abs (fft (priRgMapShift)); 
$dpRgMapShift = abs(fft(priRgMapShift) ); 
EOC 


dpRgMapShi ft M0D4Shiplb=dpRgMapShi ftMOD; 
save plotMOD4Shiplb dpRgMapShiftM0D4Shiplb 
$dpRgMapShiftMODAShip2-2dpRgMapShiftMOD; 
save plotMOD4Ship2 dpRgMapShiftMOD4Ship2 


Don 


%$dpRgMapShi ftMOD4NEW=dpRgMapShi £tMOD; 
save plotMOD4NEW dpRgMapShi ftMOD4NEW 
$dpRgMapShi ftMOD4=dpRgMapShiftMOD; 
save plotMOD4 dpRgMapShiftMOD4 
$dpRgMapShi ftMOD5=dpRgMapShiftMOD; 
save plotMOD5 dpRgMapShiftMOD5 
*dpRgMapShiftMODnotzdpRgMapShiftMOD; 
%save plotMODnot dpRgMapShi ftMODnot 
save plotMOD dpRgMapShiftMOD 


save fAddOut finalAdderOut 


BEAKAA AAA AA AKA AA AAA AA RAI RA AAA TA 


% Display 
BEKAKKAKAKKAKAKKKKAKKKKAAKKAAAAAAAA 
TÉ (noPlot == 0) 

figure (2); 


load plot.mat 

Subplet(2, 1,1); 

ho- contour (dpyq, Ncomeours); grid; axis([l1 64 0 dp pts] ) 

tn = Contour (apyq shattudrim, Neontours); Grad, axis({[0 20 0 327) 

title('a. Amplitude and Doppler Modulated Rd-Dp Map (unmodulated / 
MATLAB) '); 

xlabel (‘Down Range Cells'); ylabel('Cross Range Cells'); 

axis( [1 62.0 dp pts} ) 

Supolot (2, 152); 

h - contour(dpRgMapShiftMOD,Ncontours); grid; axis([1 64 0 dp pts]) 

$h = contour (dpRgMapShift,Ncontours); grid; axis([1 20 0 32)) 

title('b. Amplitude and Doppler Modulated Rd-Dp Map (Bit-True, 
modulated / MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis([1 62 0 dp pts]) 
end 


h. simhwchkv2_write.m 


% MAJ ae To 3 Sep -99 

% Modified version of simhwchkv0.m 

% Purpose: This program performs a architectural true simulation of the 
% Digital Image Synthesizer hardware 

$ Modifications will perform "parallel processing" and then "serial 

*$ summation" includaing: 

% =- correction at start-up ("initialize outputs from the taps, one tap 
% after another") 

% - correction at the end ("shutting down the taps, one tap after 

% another") 

+ ¡Original file: simh wch miD Sabo wu soc 

95 95 9595959595 9: 9:99: 9:9,9:0:0:09:9: 9:09:09: 9: 0:0: 0:0: 0:0, 9:0: 0:0: 0: 0:0: 9:0: 0: 0. 0,0, 050: 9,0 0:0; 00:0: 9 9,0: 0: 05 9,0, 959: 9: 9, 0:0; 0505 9:0 9: 2 9; 


clear 


global dp pts 
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global rg_pts 
global doppler_inc 


set (0, 'defaultAxesFontSize',8); 


noPlot = 0; 
Neontours = 20; 


depthLUT = 32; 

widthLUTFile = 2; % in units of number Of suite 
widthLUL = g8: The nna Dits 

ndopbits Sì 


WTKR KEK KKK KKK KIRK KKK RS 


oe oP 


Read from data files 


Bee KKK KR KR RK e ck ck ko ko cR Ck A ko ko ko ok RA 


$ Read from para.dat 

fid = fopen('para.txt','r'); $opens para.txt to be read 

$fid = fopen('paraMULTI.txt','r'); $opens paraMULTI.txt to be read 

$fid = fopen('paraMULTIg5.txt'",'r’); $opens paraMULligo.txt toe 
$fid - fopen('paraMULTIq4.txt','r'); $opens paraMULTIq4.txt to be read 
$fid = fopen('paraMULTIq4NEW.txt','r'); $opens paraMULTIq4NEW.txt to be 
read 

S$fid = fopen('paraMULTIq4Ship6la.txt','r'); Sopens paraMULTIGg4Shipi 
to be read 

%tmp = fscanf(fia,'%f'); $reads in the values, for non-quantized test 


case 
tmp = fscanf(fid,'$d'); treads in the values 


nRangeCell = tmp(1); $1st value: 62, represents the number of range 
cells 


nDopplerCell = tmp(2); %2na value: 64, represents the number of radar 
pulses 
targetExtent = tmp(3); $3rd value: 3, represents the radial length of 


the target expressed in number of range cells 

gain = tmp(4:4+targetExtent-1); $4th to 6th values: 1,2,4 - the gain 
value for each tap 

gainRev = fliplr(gain); 

tmpl = tmp(4+targetExtent:end); % 7th to last value: the phase- 
increment values for each tap 

phi = reshape(tmpl,targetExtent,nDopplerCell); %3x64 matrix with zeros 
in the 1st column 

fclose (fid); 


% Read from rawint.dat 
raw = zeros(nDopplerCell,nRangeCell); %create a 64x62 matrix, 
initialized to zeros 
fid = fopen( 'rawint txt’ > )e open Ee be read 
or y = TI:nDopplercerlrr 
for k = 1:nRangeCell-1 
pawtg,k) s fscantürid. sd Pub 
comma - fscanf(fid,'$c',1); 
end 
raw(j,nRangeCell) = fscanf(fid, '%d',1); 
end 
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fclose(fid); 


[row,col] = size(raw); 

raw - [raw,zeros(row,targetExtent-1)]; $raw: 64x64 matrix, last 2 
columns with zeros 

$raw = [raw,zeros(row,targetExtent)]:; $raw: 64x65 matrix, last 3 


columnas with Zeros 


% Read from the LUT files. 
load -ascii cosine.txt % variable is cosine 
load -ascii sine txt $ variable is Teine 


% initialize some intermediate variables and vectors 
Tgt Extent-targetExtent; 

DRFM Phase-raw; 

GainRev = gain'; 

Phase_inc=phi; 

phiRev = zeros(Tgt_Extent,1); 

depthLUT s 32; 

phaseAdderOut = zeros(Tgt_Extent,l); 

lutOut = zeros(Tgt_Extent,1); 

tapOut zeros (nRangeCell + (Tgt Extent-1),Tgt Extent); 


% open files to write results to 


fl - fopen('checkv2.txt','w'); $ "scan-path test" 
L2 = fopen( olt. txt wi $ I-values, final output 
fs = fopent OOBtctxb iw $ O-values, final output 
f4 = fopen('Iout_bin.txt','w'); % I-values in 2-complement binary, 
prnal output 
£5 = fopen('Qout bin.txt','w'); % Q-values in 2-complement binary, 
nal output 
% signal processing 
for batchCnt = 1:nDopplerCell, 
mora UE eG! 5 PA RA RR A 


e 
forint irl Ann); 
fprintf (fl; ss: sd\r\n'; *batchCnte (Radar Pulse) > batenene); 


Eprine E rin) 
disp(['Processing Pulse 'num2str (batchCnt)]); 


for intraPulseCnt = 1:(nRangeCell + (Tgt_Extent-1)), $ clock cycie 


fprintf(f1,'%s:%d\r\n','intraPulseCnt',intraPulseCnt),; 

EENEG 

EE EIER EE E EE TOCK 
Pulse',intraPulseCnt) ; 


% --- This part simulates the intra pulse processing in hardware 


[*] 
$This part does "parallel processing" and then "serial summation" 
$ "parallel processing" 


€ initialize some intermediate variables and vectors 
tapszzeros(1,Tgt Extent); 
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phase 


Pulse' 


Pulse' 


% extraxt DRFM-phase data 
DRFM_data=DRFM_Phase(batchCnt,intraPulseCnt) ; 
fprintf(fl,'$s\r\n','DRFM-phase Data processed:'); 
tor idxsl:Tgt*Extent; 
tap(idx)-DRFM data; 
end 
tor xdxsl:TOt9Extenst, 
fprintf sess tap'.rdx- 
DRFM_bin=dec2two (DRFM_data,5,0); 
iprinti(flX*d\-\n",DREM=data; 
Eprintf (fl Pd  DRFM Din(1,2. 6); 
Iprintf oiu cnm 
Eprinc te (te sm) 
end 


$ phase addition (add phase-increment (Doppler offset) to DFRM 
data) 
phaseAdderOut-tap(1:Tgt Extent)' -« Phase inc(:,batchCnt); 
fprinet (tle 0): 
fprintf(f1,'%s\r\n','Phase-increment:'); 
fondidx li: Tore erent, 
fprintf (fl ksd" tap',idx-1); 
$Bfprintrf(ri o MIdopplers:mncWt rex E 
sfprintf (TI 2da"; dec2two(doppler 1nci NEC 
fprintf (fl; :zd\n', Phase inc (idr, bDatehnent lE 
phase inczdec2two(Phase inc(idx,batchCnt),5,0); 
forintt (file's ta phase ine (72 5 
ird Wie (yee Vi) 
EE 


end 

Primer (ll, ALEX E 

fprintf(f1,'$sirin', 'Phase-rotation Register:'); 

forio =dli-Tgt Extent, 
forinti fl tsd tap’, idx-1); 


forinbEf(f1,' :$o0Xn'mod(Phase-rnme(rdzxjbstchecnoc 2 
Pi-dec2two (mod(Phase inc(idx,batchCnt),32),5,0); 
forinti rE zd PIL, 26); 
E EEN ER da 
Forinti E pe 

end 

TD InCD Aran 

forintL( fl, “VEVENEVEVEVENC tt vers Sam A Oa 

, intraPulsecnt+1); 

fprintf(f1,'‘%s\r\n','After Phase Adder:'); 

for idx=1:Tgt_Extent, 
fprintf essa tap Ta: 1 
fprintf(f1,':%d\n' ,mod(phaseAdderOut (idx) ,32)); 
pAO=dec2two (mod (phaseAdderOut (idx) ,32),5,0); 
fprintf eo DAOI- S); 
forin E OD 
torijntr ond mS 

end 

Erin, a 

fprintf (El,  \CVENEVeEVE\ENE\E\t ees tae oe elec: 

, intraPulsecnt+2); 
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6 phase-amplitude look-up (to obtain complex time signal) 


% tmp=mod (phaseAdderOut,32)/32*2*pi; test case 
with non-quantized phase and LUT 
% Tut Oure COStemo) + sare (-1)~san (emp) - test case 
with non-quantized phase and LUT 
tmp = mod(phaseAdderOut,depthLUT) + 1; original DIS 
code 
lutOut = cosine(tmp) + sqrt(-1)*sine(tmp); %original DIS 
code 
PoOrine etl. sSs\r\n eee ia} 
od Moto stent: 
fprintf (fl Ee tap',idx-1); 
fprinci(fl, Se real Tuctcouc(idxi)); 
fprintf (fl, *d'.,dee2twoireal(ilut0ut (i0x 0000057 
FREIRE Ne e 
ipsu E NA 
end 
fprintf (fl, zs\yr\n' s After LUT Osvalues):mos 
fOr idx=l:T9t_ ExCent; 
fprintf (fL, *s50259 Ea idx- 1); 
fprintf (fl,;':%5.7f\n Imag (lutowt (1dx))); 
fprintf(fl, 3a”, dec2ewo (imac lutout (az) 05 
FRIEND nme 
EE EE 
end 
$ correction at the end ("shutting down the taps one tap after 
enoenier |} 


1f intraPulseCnt>nRangeCell, 
for idx2=1:(intraPulseCnt-nRangeCell), 
lutOut ( (1dx2),:)=0; 
end 
end 


LDEThEPb fl Cms 
pene (rd.  \Veye Ee VEVENC VE Gee ES sa n Coe 


Pulse',intraPulseCnt+3); 


% gain modulation, and storing values in an intermediate matrix 
Forint. SsirAn'.” Gain values) 
toreccbet DObSEXtOnt. 
if GainRev(1,idx)--1, 
GainRev2-0; 
elseif GainRev(1,idx)--2, 
GainRev2-1; 
elseif GainRev (1, idx)==4, 
GainRev2=2; 


elseif GainRev(1,1idx)==8, 
GainRev2=3; 

end 

fprintf El stars tap” 102=1); 


fprintf(fl,tv.s5-7An'4GalpRev(i10%)); 
GRbin=dec2two (GainRev2,2,0); 
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CDrInti( tie se 6, CROIn (1; 234). 
EE Eech 
fprinta lee); 
end 
if intraPulseCnt«-nRangeCell, 
GainOut = GainRev'.*lutOut; 
for idx3=0:Tgt_Extent-1, 
tapOut(intraPulseCnt+idx3,idx3+1)=GainOut(idx3+1); 
end 
end 
Eprimee(f£l,*ss\r\n', ‘After Gaim Block (I=values):"): 
for id<l:T9t Extent, 
Epaimee (tl, std", tap idx- P; 
fprintf(f1,':%5.7£\n',real (GainOut (idx) )); 
fprintf(f1,' $d',dec2two(real(GainOut(idx)),3,7)); 
Boece trl. EMO DS 
FRprincegt rune 
end 
tpelntf(fl, '$s\Wwa,n', (After Gain Block O val ucs aan 
oC X-I:Tgti Extent, 
TIorrntr(fl,"*s*d',' tap',idx-1); 
EPrintt(£l, "-25-/7i\n" , imag (Garnouct idx) jee 
tprintf(fl,' $d',dec2twolimagiaGainOutirdo E 
OTs tte E] c E 
fprintf ANE 
end 


Eor ET 
forinti (CI \CVCNEVe Eee ee ters LI ee ec c 
Pulse',intraPulseCnt+4) ; 


% final accumulation - "Serial summation" 
$ - lst: extract partial sums (I and Q) 
% - 2nd: extract final sums (I and Q) 
tapNew-tapOut; 
add=0; 
tt=Tgt_Extent; 
fprintf(f1,'%s\r\n','Final values in each tap (I- and Q- 
values) =F 
tprynef(fl,;'t*s*d';" Final I-value in tap',tt-1); 
fprintf(fl,':*$5.7£WMn',real(tapNew(intraPulseCnt,tt)))5 
fprintf(f1,' $d',dec2two(real(tapNew(intraPulseCnt,tt)),8,7)); 
EDESXNEERECII,'NVrXn*')s 
src al N); 
Ep rine (il, sta,” Final Q-value in tap',tt-1); 
fprintf (f1,':35.7fin',imag (tapNew(intraPulseCnt,tt))); 
fprintf(f1,' %d', dec2two (imag (tapNew(intraPulseCnt,tt)),8,7)); 
print ri mnt» 
[prance (ei = a) 


it tte=2, 
while tt>=2, 
add=add+1; 


tapNew(intraPulseCnt,tt- 
1)=tapNew(intraPulseCnt,tt)+tapNew(intraPulseCnt,tt.1); 
fboprintf(orl 2S0 Final I-value in tap',tt-2); 
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EDeimen( nil, —c5) 72 \n',realitapNew(intraPulseCnt, tel) 
fprintf(f1,' £d',dec2two(real(tapNew(intraPulseCnt,tt- 


1)), 320); 
EE 
form mee (fL Ari ); 
Eprice (ES Soc Final Q-value in tap',tt-2); 
fprintf(£1,':%5.7f\n',imag(tapNew(intraPulseCnt,tt-1))); 
fprintf(f1,' $d',dec2two(imag(tapNew(intraPulseCnt,tt- 
Boe) 
PRI (ti Aia 
PE) 
partial_tapsum(intraPulseCnt,1)=tapNew(intraPulseCnt,tt-1); 
tt-tt-1; 
end 
tt-tt-1; 
end 
bre == 
partial_tapsum(intraPulseCnt,1)=tapOut (intraPulseCnt,1); 
end 


Iorrngfafti Gasol ls x 

Tout=real (partial_tapsum(intraPulseCnt,1)); 

Qout=imag (partial_tapsum(intraPulseCnt,1)); 

fprintf(£1,'%s\r\n','Final Output values (I- and Q-values):'); 

ENEE il. esoo,” lout - Final I-value for 
imeraBulsecnat", intraPulsecnt); 

fprintF(F1989E $5. E", EOUE). 

Iprintf(fl,' $3' ,dec2two(loUtWM3 7s 

Pieter pete VT ee 

borintr(fl," c n» 

EpEiner (fl, * tesa", * Qout - Final Q-value for 
intraPulseCnt',intraPulseCnt) ; 

EE EE Oout), 

Eprintf(tl,© sd, dec2two (Q0Ut, 8,400 

LOs el, HA END): 

o Dio m O e 

fprinte(fl., ss, EE 
Pë 

EE 


$ write final results (I and Q) to separate files 
format long 
FEDER (EZ EE 
EPBrainatiE(E3, EE 
iprointf(f4. sd’ idecltwol out o, 1)), 
fbr3pntf0pr4. .' Arm 
fpr intis, $d'5dec2Ewol0o0ut,9, 7)); 
ENEE y mu 


end %intraPulseCnt 
finalAdderOut (batchCnt, :)=conj (partial_tapsum'); 


end SbatchCnt 
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% Close files 
fclose(f1); 
fclose (f2); 
fclose (f3); 
fclose (f4); 
fclose(f5); 


BERK RK KERR KER KK RK RR RK KR KK 


oP 


Pulse Compression 


ok ox oce ox ck ox e o AA AA AAA AAA REA RA AR 


oe 


$--- Compress the Doppler shifted signals 
load pc_ref 
priRgMapShi ft - zeros(nDopplerCell,rg pts); 
CEE 
pcRefMapShift - fft(finalAdderOut.',2*rg pts-1).'; 
for idx = 1:nDopplerCell 
tmp = cref.*pcRefMapShift (idx,:); 
tmp] EE 
priRgMapShift (idx,1:end-targetExtent+1) = tmpl(rg_pts+targetExtent- 
bende 
end 
dpRgMapShi ftMOD = abs(fft(priRgMapShift)); 
+ApRgMapShift = abs(fft(priRgMapShift)); 
toc 


dpRgMapShiftMOD4áShip64a-dpRgMapShiftMOD; 
finalAdderOut64a - finalAdderOut; 

save plotMOD4Ship64a dpRgMapShi ftM0D4Ship64a finalAdderOut64a 
S$dpRgMapShi ftMOD4Ship2=dpRgMapShi ftMOD; 
$save plotMOD4Ship2 dpRgMapShiftMOD4Ship2 
$*$dpRgMapShiftMODANEW-dpRgMapShiftMOD; 
$save plotMOD4NEW dpRgMapShi ftMOD4NEW 
$dpRgMapShi ftMOD4=dpRgMapShi ftMOD; 

save plotMOD4 dpRgMapShiftMOD4 
$dpRgMapShiftMOD5zdpRgMapShifttMOD; 

$save plotMOD5 dpRgMapShiftMOD5 
S$dpRgMapShiftMODnot=dpRgMapShiftMoD; 
$save plotMODnot dpRgMapShiftMODnot 

save plotMOD dpRgMapShiftMOD 


save fAddOut finalAdderOut 


E A Ra RR RK A ee 


% Display 
Qu ck oe ce e e e ee Ae ke ce ce ko 
lf (noPlot 599) 

figurez); 


load plot.mat 

Sub Lot, IM 

A = contour(dpya.Neontours) grid; axis (Mic MIND det 

gh = contour (dpyq_shift_drfm,Ncontours); grid; axis (0200058 

title('a. Amplitude and Doppler Modulated Rd-Dp Map (unmodulated / 
MATLAB) '); 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 

axis (162 0 dp pes!) 

subplot (2, 1,2); 
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h = contour (dpRgMapShi ftMOD,Ncontours); grid; axis([1 64 0 dp_pts]) 
ch COMECU( OpROMapSaif£eE,Ncentours); grid; axis([1 20 0.2327) 
title('b. Amplitude and Doppler Modulated Rd-Dp Map (Bit-True, 

modulated / MATLAB) '); 
xlabel ('Down Range Cells'); ylabel('Cross Range Cells'); 
axis([1 62 0 dp pts]) 


end 
l. plothwvd.m 
$5 25 95 95 $5 95 95 95 95 9,95 0; 9; 95 9; 95 0:95 9; 05 95 05 65 €5 €; 95 9,05 90; 9. 75 9; 0.95 0,05 05 9,95 0; 05 0; 050; 95 9:15 9; 95 95 95 9; 95 9; 9; 9:0: 0 9:95 05 0; Q9. 9. Cc SEO: G. 
% plothwv4.m 
% MAJ Stig Ekestorm, Feb -00 
% Modified version of plothwvi.m by Stig Ekestorm, Aug -99 


Original file: plothwy0.m by SY YEO, Aug -98 

This version processes the output from the LUT 

Works in concert with mathostv4.m and simhwchkv4.m 
% 


$5 S5 95 85 95 9; 55 95 55 95 95 05 05 9595 9; 9595 9:05 9:0; 2, 0:05 9, 09,0; 0:0: 0,0; 9:095 25 05 95 9; 95 25 65 99; 05 9; 05 9: 6: 9; 


oO dl e 


$5 55 $5 55 $5 55 55 55 "5 5 6 5 5 15 $5 $5 55 $5 


oe 


clear 


global hda 
global dp pts 
global rg_pts 


set(0, 'defaultAxesFontSize',7) 

moplot -= 0; 

%to load data from hardware output files 
vWeehda=s=l, 


load -ascii imagel.txt 
load -ascii imageq.txt 


end 
mud- fopen('bara-Ext y 2%); 
tmp = fscanf(fid,'%d'); 


nRangeCell = tmp(l); 
nDopplerCell = tmp(2); 
targetExtent = tmp(3); 
fclose(fid); 


&for getting the data form hardware in the right format 
if hda==1, 
image = reshape(image,nRangeCell+(targetExtent-1),nDopplerCell); 
image = imagei - j*imageq; 
image = reshape(image,nRangeCell+(targetExtent-1),nDopplerCell); 
$for ASIC simulation 
$image - reshape(image,nRangeCell«targetExtent,nDopplerCell); $for 
FPGA 3-tap simulation 
image - image'; 
end 


load fAddOut 
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Eet 
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% Pulse Compression 

Ree RK KR KR KKK RR KK RR KR KK kK ko 

%--- Compress the Doppler shifted signals 
figure (3); 

orient tall 


load plot.mat 
load plotMOD.mat 


Ncontours = 9; 

subplot (27271); 

Sh = Contour (dpye shittvdrim, Nconmvours) dqrid, axis{ iil 6250 "c 7" 

h = contour (adpRgMapShiftMOD,Ncontours); grid; axis([1 62 0 dp_pts]) 

title('a. Amplitude and Doppler Modulated Rd-Dp Map (Bit and 
Architecture-True / MATLAB) '); 

xlabel ( 'Down Range Cells'); ylabel ('Cross Range Cells'); 


Sto post-process data from hardware 
if hda==1, 
load pc_ref 
priRgMapShift - zeros(nDopplerCell.',rg pts); 
tie 
pcRefMapShift - fft(image.',2*rg pts-1).'; 
for idx = 1:nDopplerCell 
tmp =‘eref.*pcRefMapShrEt'(1dx 7655 
ENDL enee 
priRgMapShift (idx,1:end-targetExtent+1) = 
tmpl(rg_pts+targetExtent-l:end); 
end 
dpRgMapShift - abs(fft(priRgMapShift)); 
LOG 
end 


süDploc (2,1,27; 

if hda==1, 
h = contour (adpRgMapShift,Ncontours) ; 
grid, axis([1 62 O dp_pts]) 


end 

title('b. Amplitude and Doppler Modulated Rd-Dp Map (from HARDWARE 
output j; 

xlabel('Down Range Cells'); ylabel('Cross Range Cells'); 
end 
figure (3) 


print -dtiff hwres 


figure (4) 

subplot 3 Sb 

h - mesh(dpRgMapShiftMOD); grid; 

n = meshldpyda shi C arim aria, 

title('a. Amplitude/Doppler Modulated Rd-Dp Map (Bit-True, modulated / 


MATLAB) '); | 
xlabel('Down Range Cells'); ylabel('Cross Range Cells'); grid 
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subplotts 15295 
$to plot hardware output 


if hda==1, 
h = mesh(dpRgMapShift); grid; 
end 
title('b. Amplitude/Doppler Modulated Rd-Dp Map (HARDWARE output) '); 
xlabel('Down Range Cells'); ylabel('Cross Range Cells'); grid 


subplot (3s; i308 
sto plot difference between Matlab simulation and hardware output 
1f hda==1, 

$h = mesh(dpya_shift_drfm/max (max (dpya_shift_dartfm))- 
dpRgMapShi ft /max (max (dpRagMapShift))); grid; 

h = mesh(dpRgMapShiftMOD-dpRgMapShift); grid; %plot the real 
difference, Stig Aug-99 

Sh - mesh(dpyq shift, drfm-dpRgMapShift); grid; %plot the real 
difference, Stig Aug-99 


end 
tie ke( sc. Difference'); 
xlabel('Down Range Cells'); ylabel('Cross Range Cells'); grid 


prsnt -dtiff diffplot 


%for comparison 5 Oct -99, Stig Ekestorm 
Sto plot MATLAB simulation output separately 


figure (5) 
h = mesh( (dpRgMapShiftMOD/max (max (dpRgMapShiftMOD)))); grid; 
$normalized 


$h = mesh(dpRgMapShiftMOD); grid; 
title('a. Amplitude/Doppler Modulated Rd-Dp Map (Bit-True, modulated / 
MATLAB)'); 


label Down Range Cells"); ylabel('Cross Range Cells'); grid 
figure (6) ; 
$to plot hardware output separately 
El 
h = mesh(dpRgMapShi ft); grid; 
end 
title('b. Amplitude/Doppler Modulated Rd-Dp Map (HARDWARE output)'); 
xlabel('Down Range Cells'); ylabel('Cross Range Cells'); grid 


2. COMMON FILES IN ALL VERSIONS (VERSION 1 TO 4) 


These files are used in all versions. The two first files (cosine.txt and sine.txt) 
represent the look-up tables. The next three files (genLUT.m, genfixptv0.m and 
genfloat.m) are used to create the look-up tables [Ref. 6]. Two Matlab functions 
(dec2two.m and two2dec.m) have been developed to translate from decimal 
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representation to binary two’s complement representation and vice versa. Two extra plot- 
files are also presented. The first plot-file (plot_like NRL_image.m) has been used to 
plot simulation results in a comparable way to a real ISAR image. The second plot-file 
(plot_in_dB.m) can be used to examine the results in the range-Doppler map as 


normalized amplitude values in dB. 


a. cosine.txt 


9.9218750e-001 
9.6875000e-001 
9.0625000e-001 
8.1250000e-001 
6.7968750e-001 
5.2343750e-001 
374375000e-001 
1.4843750e-001 
-4.6875000e-002 
-2.4218750e-001 
-4.2968750e-001 
-6.0156250e-001 
-7.5000000e-001 
-8.6718750e-001 
-9.4531250e-001 
-9.8437500e-001 
-9.8437500e-001 
-9.4531250e-001 
-8.6718750e-001 
-7.5000000e-001 
-6.0156250e-001 
-4.2968750e-001 
-2.4218750e-001 
-4.6875000e-002 
1.4843750e-001 
3.4375000e-001 
5.2343750e-001 
6.7968750e-001 
8.1250000e-001 
9.0625000e-001 
9.6875000e-001 
9.9218750e-001 
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b. sine.txt 


.0000000e+000 
.9531250e-001 
.9062500e-001 
.6250000e-001 
.1875000e-001 
.3593750e-001 
.2968750e-001 
.7656250e-001 
.8437500e-001 
.5312500e-001 
.9062500e-001 
.8125000e-001 
.4062500e-001 
.7656250e-001 
.9687500e-001 
.3750000e-002 
.3750000e-002 
.9687500e-001 
.7656250e-001 
.4062500e-001 
.8125000e-001 
.9062500e-001 
.5312500e-001 
.8437500e-001 
.7656250e-001 
.2968750e-001 
.3593750e-001 
.1875000e-001 
.6250000e-001 
.9062500e-001 
.9531250e-001 
.0000000e+000 


VW bi On Jo vw wä wä vw WOT) UWPH e 


bh ke, E E EE es ee 
Q HP tL) UJ ov wä 0 lo 0 JO BN VO 


IN 


for altera memory initialization 
Created by: SY YEO, Jul -98 


f 
$; 5 2; 9,25 2:2, 9,95 95955 9, 95 2:95 9959: 9:95 95 9:9, 9; 25,05 2:95 55 9:95 60:95 90:95 


Clear 
$ parameters 


depth do 
nbits ge 


I 2o imDrts-b)s 
(1-del); 


del 
amp 


cosine zeros (depth, 1); 
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mfile to generate memory initialization file 


(cos and Sin Look-up) 


for i = 0:depth-1 
cosine(i+1) = amp*cos(2*pi*i/(depth-1)); 
end 
[i,j] = find(abs(cosine) < 4*eps); 
p = isempty(i) + isempty(j); 
if (p == 0) 
cosine(i,j) = 0; 
end 
cosine fixpt = genfixptv0 (cosine, nbits) ; 
inv. cosine fixpt - genfloat(cosine fixpt,nbits); 


fid o ropen('cosumm"u-m 
fidi sefopen T CoS. ass 


fprintf(fid, '-- MAX+plus II : memory initialization file'); 
fprinkl (hice os) 


txt oO Wibthe——' Pnum2str(npits))) n D; 
SipPrumer (ala, WIDTH = Sin"); 
Dintrans 

txt = (['DEPTH = ' num2str (depth) 'n']); 
oa EE Ee 

EE EE 


fprintf (fid ADDRESS _ RADIX = HEXN' ):; 
fprintf (tid EE O yo 
Prin Ce ye aa, 


[print Collen BEGIN IS) 

tmpl = dec2hex(bin2dec (cosine_fixpt),2); 

t_cosine _fixpt = cosine _fixpt'; 

for i = 1- depth 
tmp = dec2hex(i-1,2); 
PorImNer(Lice 3S \t: \tts; \n', tmp, tmp) | 
SEDVINEE (Eva, 'SS\n' ;t_ cosine tixpt (71) 
SEN IA Rai SS Na, EMP i I: 

end 

EPVINEL (L1G, HEND a) 

fclose(fid); 

SECLOSe (ELC. lp 


Gisp('--Check--') 
[cosine inv_cosine_fixpt] 
ddcos = std(cosine-inv_cosine_fixpt) ; 


%$%%% Repeat for the sin LUT 
sine - zeros(depth,1); 
for i = 0:depth-1 
sine(i+1) = amp*sin(2*pi*i/(depth-1)); 
end 
[i,j]} = find(abs(sine) < 4*eps); 
p = isempty(i) + isempty (j); 
if (p -- 0) 
sine(i,j) = 0; 
end 
sine_fixpt = genfixptv0(sine,nbits); 
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inv_sine_fixpt = genfloat(sine_fixpt,nbits); 


fid = fopen('sin.mif','w'); 
SLUG Open ( Sin. txt’. Ww)? 


PprIntr (rid, == MAX+plus II menomyemtialization file’); 
ERRE (Era. a), 


e ((CWIDIAE=-M"un2str(Nnbits) lees 
mprinc (fid, txt): 
txt - (['DEPTH » ' num2str(depth) ‘\n']); 


PLINE (Eid, txt); 


enti (Lid, ADDRESS RADIX = HEX\N']; 
MNormiDtt(fid.'DATA RADIX = HEX\n'): 
meiner (iid, ‘\n") > 


fprintf(fid, ‘CONTENT BEGIN\n'); 
tmpl - dec2hex(bin2dec(sine fixpt),2); 
t sine fixpt - sine fixpt'; 
for 1 = 1:depth 
tmp = dec2hex(i-1,2); 
Eprinef (rid seo beso. Emp Empii) 
EE EE $sin et sine fixpt(:,i)); 
% EPrintcE (EIPS ss um Ea e 
end 
kprintftorid, END? a Uy 
fclose(fid); 
%fclose(fidl); 


[sine inv. sine fixpt] 

disp Std in Reconstruction Errors cos), 
ddcos 

disp('Sta in Reconstruction Errors (sin)') 
ddsin = std(sine-inv. sine fixpt) 


cosinefp = inv. cosine fixpt 
sinefp - inv. sine fixpt 


save -ascii cosine.txt cosinefp 
save -ascii sine.txt sinefp 


figure(1); 
11 - 1:1length(cosinefp); 
plot (11,cosinefp,11,cosine); grid; 


end of file 
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d. genfixptv0.m 


EEEEEEEEEEETEEESESEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEESEEEEEEEEEESEESESEES 
% genfixptv0.m 

Fixed- point and Lical ing conversion 

PROGRAM in Matlab converts from FLOATING POINT to FIX POINT 

given a number of BITS (nbits) for fix point representation 

Note: that the decimal numbers must be scaled to +- 1.0 

function lout] Seem IxpPU ER nb5bS e 

Created by: SY YEO, Jul -98 


95 95 35 8; 9; 85 95 85 95 95 25 95 9: 95959: 0 95 9: 95 9: 0; 05 9: 9: 9595 9:95 99: 0: 9: 9:9: 0595050; 95 9:0: 059595 9:155 25 0; 45 25 9; 95 25 55 95 9:95 2:9: 95 25 95 05 2: 95 9505 


de oP ya 


Je 00 


of oP 


functsoHlwMlouUM- genbiuspt rS nbSts) 


del 1/(2^(nbits-1)); 


num = in(:); 


% Convert to binary 
len = length(num); 
numi = uo NS 
for i s l:len 
if (num(i) >= 0.0) 
if num(i) == 


num(i) 2 1 - del; 
end 
numi sauni fax nume) 010508 


numb = [numb; dec2bin(num(1)/del,nbits) }; 
else 

tip == Habs numi) 

tmp = dec2bin(tmp/del,nbits); 


if (bin2dec(tmp) ~= 0) 
for k = 1:-length( tmp) 


if (tmp k) == m0) 
tmp(k) = "IU 
else 
tmp(k) = '0'; 
end 
end 
tmp = bin2dec (tmp) *del + del; 
tmp = dec2bin(tmp/del,nbits) ; 
end 
numo = [numb; tmp); 
end 
end 
out = numb; 


$end of file 
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e. genfloat.m 


SECEEETEEESETEEEEEEEEEEEETEEEEEEEEEEEEESEEEESEEEEEEEEESEEEEEEEEEEEEESES 
genfloat.m 

Eating and fix perme conversion 

PROGRAM in Matlab converts from FIX POINT to FLOATING POINT 

given a number of BITS (nbits) for fix point representation 

Note: that the decimal numbers must be scaled to +- 1.0 

Piece wet eum -—genfloat(in,nbrbs). 

Created by: SY YEO, Jul -98 
SESECEETESESTEEEEEEELEEEEEEEEEESEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEEY 


oO 90 oP JO Æ Æ Æ go go 


Auction [out] = genfixpt (in. nbits); 


mum = in; 
der = 1/(2^(nbits-1)); 


[len,c] = size(numb); 


num» s [ls 
hor i = 1:len 
ado i) eee en) 


tmp = numb (05, =) 
for 1 = 1:length(tmp) % invert all bits 


Ja Demotores t0) 
ET (US a; 
else 
ENS DA 
end 
ena 
tmp = -1* (bin2dec (tmp) *del + del); % add a BINARY one! 
numZ = tmp]; 
else 
num2 = [num2; bin2dec (numb(i,:))*del]; 
end 
end 
out - num2; 


end of file 


f. dec2two.m 


oo 
oo 


BEDDA hh 


o0 
Qi 
(D 
Q 
NO, 
ct 
Si 
O 
A 00 


This MATLAB function converts a number in decimal representation 
(positive or negative) to a vector in binary 2-complement 
representation. With a slight modification the output can be 
presented in as a string with a "." character separating integer and 
fractional parts. The user has to specify the number to be converted 
and the format for the %binary presentation (number of bits used for 
the integer part and the Sfractional part). A sign bit will 
automatically be included in the output vector (string). 


oO o9 o0 


oo 


oO go 


Function call: 
dec2two(dec, integerbits, fractionbits) 


dP oO o9 o? oO 
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User inputs: 


oO oP JO Æ de 


Example (1): 


returned answer: 0 0 0 0 0 
(returned answer: 0 0 0 0 0 


Example (2): 


returned answer: 1 1 1 1 i 
(returned answer: 1 1 1 1 1 


Created by: 
MAJ Stig Ekestorm, Oct -99 
Naval Postgraduate School 


DE dO o0 oO Æ Æ Æ Æ Æ Æ Æ cP Æ Æ 


oe 
oe 


type in the MATLAB Command Window: 


$5 85 95 55 95 25 95 55 3555 95 95 05 05 9595 5 95 95 9595 5 95 0505 5 950: 0:05 0: 0.05 


omo 


9 


TENE 


TRECE 


dec - the number in decimal representation to be converted 
integerbits - # Of bits to represent the integer part 
fractionbits - $ of bits to represent the fractional part 


type in the MATLAB Command Window: dec2two(2.75,8,4) 


TE Oo | OU 
PA ON 


dec2two (-2.75,8,4) 


DEED 
0 E 0 0) 


96 55 6 5 85 55 55 8; 55 85 95 85 55 5 56 35 55 5 95 25 955 25 95 SS 


manctron [ost] e dec2twoldec,;r2ntegerbrts,fractlionbritse 


$binary format to be displayed 
signbit=l; 

the sign 

%integerbits 

the integer part 

ciractronbit s 

the fractional part 


Sinitialize output vector 
aa=signbit+integerbits+fractionbits; 
vector 

bb-zeros(1,aa); 

vector to zero 


Scheck if the number is negative 
it dec<0, 
dec=dec* (-1); 
positive 
POD =I; 
end 


$integer part 
mm=floor (dec) ; 
part 
for 1dx1=2:integerb1ts+l, 
mee Ínelvded) 
cc=2" (integerbits+1-idx1); 
representation 
bbB(L.raxl)=tloo0r (mn es). 
integer division 
mm=rem (mm, cc); 
division 
end 
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%# of bits to represent 
%# of bits to represent 


%# of bits to represent 


%$length of output 


$initialize output 


$if negative number 
$turn number into 


$set sign bit tos 
$end if statement 
Sextract the integer 
%integer bits (signals: 
%binary bit 

%set each bit after 
%extract reminder after 


end for loop 


*fractional part 

ff=dec-floor (dec) ; 

part 

for idx2=signbit+integerbits+l:aa, 


dd=1/(2%(idx2-(signbit+integerbits))); 


representation 
Doc ucx2)tloo5sttt/dd). 
integer division 
ferem irda 
division 
end 


SexXtYactimeiea cis homer 


$fraction Dite 
Dinary bit 


Seet each bit after 
Extract reminder vatwer 


send for loop 


sadjust negative value to 2-complement representation 


dr EDI: 
Dore Tc3-1*aa; 
bit values 
are ppl cc) 29 
postes) -0- 
end 
DD dc) =0s 
Do (iad <3 Sl 


else 
bp (ads) —0- 
end 
end 
bb(1,aa)=bb(1,aa)+1; 
idx4=aa; 
addition 


whil'etbb(Wagx4)==2, 
bb(1,idx4-1)=bb(1,idx4-1)+1; 
DIE 
Doi Xdx424)—07 
1dx4=idx4-1; 
ühcgher bit) 
end 
DELI ly =i. 
end 


$1f negative value 
sindex for*switcehi.g 


*swicch*att "0* 
sto "i" 


Sand vice versa 

Send if/else statement 
Send for loop 

Sadd "i" to the LSB 
$index for binary 


$1f carry (bit-to-bit) 
gadd "1" to next higher 


SSCL CULDYTeENnet Ot com lu: 
%decrement index 


Send while loop 


Send if/else statement 


$return output in string format (integer and fractional parts separated 


by WE, 


erg erte e EE EE EE EE EE 


% ,numZstr (bb(1,signbit+integerbits+1l:aa)))); 


$return output in vector format (integer and fractional parts without 


separation) 
out=bb; 


Send of file 
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g. two2dec.m 


S This MATLAB function convert vectors in binary 2-complement 

% representation to numbers in decimal representation (positive and 

+ negative). The user has to specify a vector or a set of vectors ina 
% matrix to be converted, and the format for the binary presentation 

% (number of bits used for the fractional part). The firs Di CSS 

$ assumed to be a sign bit for the binary vector. 

% 


$% Function Call: 


% two2dec (two, fraction ts) 

% 

% User inputs: 

% two - the vector/matrix of vectors in binary 2-complement 
% representation to be converted to decimal number 

% fractionbits - # of bits that represent the fractional part 

% 

Ss OUCDUEE 

% number/set of numbers in decimal representation 


% Created by: 
% MAJ Stig Ekestorm, Nov -99 


% Naval Postgraduate School 
$5 95 S5 965 55 95 95 $5 95 95 95 95 95 95 95 95 95 95 95 95 9595 9: 9595 9:95 0: 0: 0: 95 95 0 0595 95 95 95 05 2595 25 95 05 0: 25:95 9595 9595 05 9: 0595 9595 95 9: 95 9595 95 0:95 95 95 95 05 95 


SENO al 
Function [cute *ewozdaec (two, Lractronbiets) > 


Ssdetermine the size of the matrix of Vectors ceo = Converted 
[row col]=size(two); 


Sinitialize vectors/variables used 
integer-twot.;.l1:col-rractionbits);  *simeeder war. 
fraction=two(:,col-fractionbits+1:col); Stract 1 one part 
total-[integer fraction]; 

[rowi coli]=size(integer); $size of integer part 

[rowf colf]=size(fraction); %s1ze of fractional name 
[rowt colt]ssrze(total); $size of fractional part 
out=zeros (row,col/col); Soutput vector 


$convert bit pattern representing binary 2-complement number to decimal 


number 
torso -d row. $vector-by-vector 


%1f positive number - convert 

if integer(idx1,1)==0, %if sign bit is "0" (positive) 
testi=fliplr (integer (idx1,1:coli)); %flip integer part of vecwem 
testf-fraction(idxl,1:colf); Sfraectional pario ecc 


for 1dx2=1:coli-1, “integer part, bit-by-b1t 
1f testr(1,1dx2)==1, tenec ser ones 
out (idx1,1)=out(idx1,1)+2 (142-117 add decimalivalug 
end $end if 


end tend for 
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tork a= l colt, $ftractional part. but-by-bit 
DE Gestl(l, 1dx2)==1, Scheck for ones 
AA OA a ATA o A A e E Sada decimal value 
end $end if 
end $end for 


$1f negative number - adjust and convert 
else Sif sign bit is "1" (negative) 
ponerdxé-l:colt, index for switching all bit values 
total rdx cd) =—0, $Sswitcheallou) 
tota Macaco == eco. ie 
else 
total (idxl,idx4)=0; ¿and vice versa 
end Send if/else statement 
end Send for loop 
¡eco le>1l, ¿must be... 


total(10d0x1,colt)=total(1dxl,cotte)+1; $add "1" to the LSB 
ldx5=colt; < vindex tos bimarvy addition 
Wile mE Ota li os. 1Gs¢5)——2) Borer ecaunry Eer 
total(idx1, idx5-1)=totťtal(idx1,idx5-1)+1; gadd "1" CO Next 
higher bit 
POtabitdx! 10x5)=0;9 sser current bit co "0" 
idx5=idx5-1; decrement index (higher bit) 
FOTI Che last Dir 
EE "$reset Signet, to "1" 
end Send if 
end Send while 
end Send if 
testi=fliplr (total(idxl;l:coli)l; $flip integer part of vector 
test f=total (1dx1,colitl:colitreolvr): tiracttonmal part of Vector 
for idx2=1:coli-1, integer part, bit-by-bit 
if testi(1,idx2)==1, $check for ones 
out (1axT, 1) =0Ut Maxi ZAR dare cima sos 
end Send if 
end $end for 
ftor 1dx2=1:cčolf, %fractionál l part Dit Py DIC 


Te testf(l,idx2)-2- , Scheck for ones 
Out (idx! e $add decimal value 
end $end if 


end $end for 
out (idx1,1)=out(idx1,1)*(-1); Sassign a negative value 


end $end if 
end send for 


$end of file 
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h. plot_like_NRL_image.m 


ESEEEEEEEEEEEEESEEEEESEEEEEEEEEEEEESEEEEEEEEESEEEEEEEEEEESEEEEEEEEESEES 
% plot_like_NRL_image.m 
This MATLAB script file can be used to plot image in colors similar 
to the ship case refered to at NRL homepage 
(http: //radar-www.nrl.navy.mil/Areas/ISAR) 
Created by: 

MAJ Stig Ekestorm, Feb -00 


Naval Postgraduate SASA 
ESEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEESESEEESESEEEESEEEECEEESESESEESESEESSESEESS 


oP oO do 


of of dP Ye 


‘load pDLOEMOD4 ships 
%load plotMOD4ShipK 
%load plotMOD4VcaseKb 
load plotMOD4Ship8_64 
$load plotMOD 


Soa > ea 
dpRgMapShiftMODAShipl. 64(1:64,1:62) /max(max(dpRgMapShi ftMOD4Shipl, 64(1 
62 1 0200 

$Ship2 - 
dpRgMapShiftMOD4DIS2000(1:256,1:62) /max (max(dpRgMapShi £CMODADIS2000(1:2 
SO UA 

SShipZ = 

dpRgMapShi ftMOD4ShipK(1:64,1:62) /max (max (dpRgMapShiftMOD4ShipK (1:64,1:6 
2); 

SShip2 = 

dpRgMapShiftMODAVcaseKb(1:64,1:62)/max (max (dpRgMapShi ftMOD4VcaseKb(1:64 
2152652) 9) 

Ship2 = dpRgMapShiftMoOD4Ship8_64 (1: 64- 

1,1:62) /max (max (dpRgMapShiftMOD4Ship8_64 (1:64-1,1:62))); 


colordef white 

figure (64) 

colordef black 
colormap (hot (100) ) 
eont oUr Sh1020(0:,5) 2207 
ConeourtShip2(-,-)7 100) 
title('8-Tapline Ship Target - 64 Radar Pulses) 
xlabel('Range') 
ylabel('Doppler') 
gaxis([O 10 24 38]) 
axis square 


Send of file 
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i. plot_in_dB.m 


SEETESECEEEEETEECSTEEESTESSECTEECESEEECECEESEESEESEESEEESEEEEEEEEEEEEEEEEEEES 


ple: 1 OB um 


ode 


Ens script Elle will help yeu to %eWoe results in dE: 

$ lst run plot like NRL image.m, then run this file with the 
% appropriate input matrix specified in the mesh-command line. 
% Created by: 

$ LTC Stig Ekestorm, Apr -00 

% Naval Postgraduate School 


$5 6 565 5 85 95 WR E E ES ER RS 


oo 


colordef white 
colormap('default') 


figure (1) 

subplot (2,1,1) 

mesh (20*10g10 (Ship2)) $convert to normalized voltage to dB 
axis([0 62 0 64 -100 01) 

title('8-Tapline Ship Target - 64 Radar Pulses') 
xlabel('Range') 

ylabel('Doppler') 

zlabel('Normalized Amplitude [dB]') 

view(0,0) %view along the range axis 


SUpplotc (2,1,2) 

mesh(20*log10(Ship2)) %convert to normalized voltage to dB 
axis([0 62 0 64 -100 01) 

$title('8-Tapline Ship Target - 64 Radar Pulses') 
xlabel('Range') 

ylabel('Doppler') 

zlabel('Normalized Amplitude [dB]') 

view(90,0) $view along the Doppler axis 


Send of file 
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3. GENERATING PARAMETERS FOR MULTIPLE 


SCATTERERS PER RANGE-GATE 


Two examples of extract files are presented. The first one for the “V”-case and 


the other for the ship simulation case. Both are discussed in the end of Chapter IV. 


a. extract_para_v4_Vcase.m 


45 f6 55 5 55 56 55 5 56 5555 55 85 95/5 25 95 95 95 95 5 9; 9595 95 9595 0:05 0505950 00:9: 9: 9:050: 0:0: 00: 050: 05 05 9: 95 95 0595 9: 0: 95 059: 050; 95959; 95 0:0; o S590. 


oo 


extract phase vá Vcase.m 


$ To extract Phase and Magnitude information to the DIS chip 
$ Print modified para.txt file 

$ Created bv: 

% MAJ Stig Ekestorm, Feb -00 


de 


Naval Postgraduate School 


5 55 85 85 95 95 5 5 95 95 95 55 85 95 9595 85 95 95 95 95 05 9555 55 95 5555 55 55 66 6 0 0:0 0 0 00 0 0 00 0 6 0 0 60 0000509505 009000 00050 


oP 


clear 


Sparameters from mathostv2.m 


rgopts=62; %# of range-bìins 

dp_pts=64; %# of Doppler bins (same as number of radar 
pulses) 

Sap _pts=128; %# of Doppler bins (same as number of radar 
pulses) 

EE SEI %# of Doppler bins (same as number of radar 
pulses) 

$dp_pts=512; %# of Doppler bins (same as number of radar 
pulses) 

Sdp_pts=1024; %# of Doppler bins (same as number of radar 
pulses) 

Sdp_pts=4096; %# of Doppler bins (same as number of radar 
pulses) 

bw = 100e6; 

pwc = I/(1.25*bw):; %compressed pulsewidth 

pw =0.5e-6; 

Ome = Ze). $PRF = 2 kHz 

Pri = IDE; SPRI = 0.5 msec 

mu = 2 *p1*bw/pw; 

rtcrsc1.25*bw; 

Ecsco/fs. 

snr = 0; 

ibiesdop:= 5; $$ of bits used for precision of the Doppbes 
phase 

Dee p1/(2°nbltsdop);  sqvane factor 
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additional parameters 


dopplerbin=prf/dp_pts; 


N=dp_pts; 

NP-2*N-1; $number of points for the fft 

NP=N; 

ESCO pri dp pS; $32ms for 64 radar pulses (0.5ms * 64 radar 
puises) 


ti-linspace(0,tstop,N); 


numtaps=16; 

munrredqsmr 111 11 1122 2.1 1]; Së of Doppler frequencies 
in each range-bin 
freq-zeros (numtaps,dp. pts); 
Ego, 1:1)2[32.25]: 

iuscqu2 1:2)2[5 63.5]; 
freq(3,1:2)2[-30.25 94.75]; 
freq(4,1:2)=[-61.5 126]; 
freg(5,1:1)=[-92.75]; 
freq(6,1:1)2[-124]; 
zeropad-zeros(10,dp pts); 
freq=[zeropad; freq]; 


for l1dx1 = l:numtaps 
bor idx2 = -ap Pts 


if freq(idxl,idx2) == 0 
Sas motnlinag 
else 
freq (idxd, idx2) = freq (tdci, 1dx2) 310007 
end 
end 


end 


ia oe = 1:10 
freg(idx1,1) = idx1*10-10; 
end 


AA=zeros(numtaps,dp_pts); 
audio [Le |: 


SAA (2, 122)=[leb T1e6]:; 
$AA(3,1:2)-[1e6 166]; 
$AA(4,1:2)-[1e6 le6]; 
a l:T)e[res8]: 

tmn G, 12 1) =| kes |: 
AA(1,1:1)-[1]; 
AA(2,1:2)2[2 2]; 
AA(3,1:2)=[4 4]; 
AA(4,1:2)=[2 8]; 
AA(5,1:1)=[4]; 


AA(6,1:1)=[8]; 
zeropad=zeros(10,dp_pts); 
AA=[zeropad; AA]; 

targetSum = zeros(numtaps,dp_pts); 


for idx1 = l:numtaps 
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target - zeros(dp pts,length(ti)); 


for idx2 = 1 2numtreg (idx) Doppler frequencies 
for idx3 =]: length(tI) $create each signal seperately 
fi = rand PRO 1; $random initial phase shift 
S$targetí(idx2 $dx3) e l*exp(-3*2*pui*freg(idxi1,:40x2)*tu MN ONE 
DELIS 


target (1dx2,idx3) = AA(idx1,idx2)*exp(- 
j*2*53*fredqirecxli vob la) 
end 
end 
for idx4 - l:numfreg(idx1) $create the combined 
signal for that range gate 
targetSum (idx1,:) = targetSum(iđx1l,:) + target (idx4,:); 
end 
end 


Samplitude values Suse manual gain values since we can 
only do 15 23.4) es 


sgain =- O E eee eee 
$gain = input('Enter gain value for each range-bin (enter values as a 
row vector): o 


ggain- 1 I 1 204092791 TNS 1 2 A4 4 A EE EENS 
ae 44 4244 44410444444 44424242 m T. 
P 2244222 822444414414144227222 9822 2 2 
T M 222 4222842 4.2.24 4 44 44 4 4.272.895 424 4 2020 EI 
ZU 


amp - abs(targetSum); 
ampmax = max(amp); 
ampmaxmax = max (ampmax) ; 
for il = 1:numtaps 
cope dq dips 
if amp(il,i2)/ampmaxmax > 0.8 
ampq(il,i2) » 8; 
end 
if amp(il,i2)/ampmaxmax « 0.8 
ampq(il,i2) = 4; 
end 
if amp(il,i2)/ampmaxmax < 0.4 
ampoqurl 299-227 
end 
if amp(il,i2)/ampmaxmax < 0.2 
ampq(il,i2) = 1l; 
end 
end 
end 


gain - ampq; 
$phase-increment values 
vphasel-zeros (numtaps,dp pts); 
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vphase2=zeros (numtaps,dp. pts); 

vphase3-zeros (numtaps,dp pts); 

for idx5 = l:numtaps 
vphasel (idx5, :) =angle(targetSum(idx5,:)); 
vphase2-vphasel*2^5/(2*pi); 
vphase3-round (mod (vphase2,2^5)); 

end 


phaseinc-zeros (numtaps,dp pts); 
for idx6 = l:numtaps 
for ax? = 1:dp pes 


Pe ax / ==), 
phaseinc (1dx6, idx7) =phaseinc (idx6, idx7) +vphase2 (idx6, idx7); 
else 


phaseinc (idx6, idx7) =phaseinc (idx6, idx7-1) +vphase2 (idx6, idx7- 
1) -vphase2 (idx6,idx7); 
end 
end 
end 


tor 1dx8 = l:dp_pts 
for idx9 = 1:numtaps 
phasecoeff (idx9, idx8)=2*fix(mod(phaseinc (idx9, idx8),32)/2); %4- 
bit phase modulation coefficient 
end 
end 


$write modulation parameters to text file 
EIs-cotopen( ' bparaMULTIOGSVeasessrt I uw) 


"r2 - fLoopen( 'paraMULTiq4Ship2 Laag 
cree FOopen( ' paraMubLTIa1ShIiD1 TAL a.: 


Bprantt(ft4d. a D» Wn ro DCS); %# of range-bins 
Bprintf(t4,' sdirNm',dpcpEes): $i of Doppler bins 
epramiet(fd4,“+d\r\n",numtaps):; %# of tap lines (target 


extent) 


for aa=1:dp_pts 
for bb=1 :numtaps 
printed" sata gain (bora) 
end 
end 


S adjustment to correct multiplication tactors tor the amplitude (gar 
value 
$for 1 = 1:length(gain) 

switch gain(1,1) 

Scase {1} 


% semi 1)=1.. no shift, multapliceat1on by hp handware vores E 
case {2} 
% gain(1,i)=2; %shift by 1, multiplication by 2, hardware bit 


e " 

case {3} 

% gain(1,i)=4; %shift by 2, multiplication by 4, hardware bit 
alee 
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case {4} 


hardware bit 


gainN 
gainN 
gainN 
gainN 


% galn(l,i)=s#M:shbitit by 3, multipltcarronm. ane 
ti ji Ji it 
Send 
SIDrInCE (El sg ee Gain ly) $gainl, gain2, 
o A ‘SOSE N jie ek %gainl, gain2, 
sfprint ilr E ues mu $gainl, gain2, 
tfprintt(I4 Sd D Os DT $gainl, gain2, 
Send 
for aa=l:dp_pts 
for bb=1:numtaps 
fprintf (f4; zar \n',phasecoeff (Bb aa); 
end 
end 
fclose(f4); 
send of file 
b. extract_para_v4_Ship64.m 
EEESEESEEESEESEEESEEEEEESEEEESEEESEESEEEEESESEESSEEEEES 


extract_para_v4_Ship64.m 


oP g Je 


Prints modified para.txt file 
Created by: 
MAJ Stig Ekestorm, Feb -00 
Naval Postgraduate School 
$5 85 95 95 95 $5 95 25 95 9 95 959; 


oO gO ge 


oO o9 


$parameters from mathostv2.m 


rg ptsz62; $4 of range-bins 

dp. ptsz64; $43 of Doppler bins (same 
pulses) 

bop presq128: $8 of Doppler bins (same 
pulses) 

$dp_pts=256; %# of Doppler bins (same 
pulses) 

wap ptS=512; %# of Doppler bins (same 
pulses) 

sdp pts=1024; %# of Doppler bins (same 
pulses) 

Sdp_pts=4096; $* of Doppler bins (same 
pulses) 

bw = 100e6; 

DWC — 17(1.25*bw) $compressed pulsewidth 
pw =0.5e-6; 

prf = 2e3; SPRF = 2 kHz 

DEE] DEE: SPRI = 0.5 msec 

Md Dpi *DW/DW; 
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EL 


as 


as 


as 


as 


as 


$5 $555 95 5 55 55 5 55 5 55 95 55 $5 55 5 $5 95 6 


To extract Phase and Magnitude information of the Ship test case 
to be used for Matlab and T-Spice simulation of the DIS chip 


$; 95 95 2; 9; 95 259595 9, 9; 959595 9; 05 95 95 0 95 5 05 95 95 05 05 $5 95 95 5 9; 85 95 05 95 05 95 05 95 $595 0595 95 05 95 95 5 9; 05 25 95 95 0505 0; 


number of radar 


number of radar 


number of radar 


number of radar 


number of radar 


number of radar 


fs 1225 *bw: 

Ts = 1/fs; 

snr = 0; 

no1iesdep = 5; Sor Dies used or precision of the Doppler 
phase 

pi=#2*pr/(2îmbrtsdop); “*quant. factor 


$Additional parameters 


dopplerbin-prf/dp pts; 


N-dp pts; $4 of Doppler bins 

NP=2*N-1; tMUMber OL pPermtrs for Ene fft 

NP=N; <change variable 

tstop=pri*dp_pts; $32ms for 64 radar pulses (0.5ms * 64 radar 
pulses) 


ti=linspace(0,tstop,N); 

<false target parameters 

numtaps=32; S# of taps used 
$Doppler frequencies per range-bin 


freq-zeros(32,dp pts); 


freq(1,1:2)= [0522 3177 

PEL a) a 

freq(3,1:3)= [ 49 74 100]; 

tregq(4,1:4)= [ 51 77 103 1301; 

mediis 01:6) [ 79-105 1329176001719 502319); 

reegil6,1:4)= [ 80 1087134 T62]; 

fred(/,1:2)= [ TEE S 

freq(8,1:3)= [ 1137139716617 

freg(9,.1:16)= | 141 168 199 230 260 291 321 351 379 409 


440 471 505 536 571 601]; 


treg giel 142 169 201 2321; 

fTredq(ll. 1:4) f 171 20497422026 22 

trea(12,1:11)= T 1173920609236 2642929412323 03592 381 411 
442 475]; 

freq(13,1:8)= I 208 237 265 295 324 354 382 4I2]; 
freq(14,1:8)= I 212 238 266 296 325 355 383 413]; 
tregd(15,1:8)= | 241 267 297 326 356 384 414 
445]; 

freq(16,1:10)= [ 242° 268 298 327 357 385415 
446 481 5151; 

treq tz dg 113 269 299 328 358 386 416 
211419295 850517605925 

freg(18,1:9)= I 270 300 329 359 387 417 
448 483 518]; 

freq(19,1:7/)= I 301 329 360 389 418 
449 484]; 

freq(20,1:6)= [I 302 330 361- 39094219 
450]; 

freq(21,1:4)= I 331 362 391 420]; 
fred 2 ss) = ol 332 363° 392; 
freq(231273)=~ | 364 393 422]; 
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[xod = eh 365635940423 
454]; 


frea(25,1:16)= [ 395425 
455 491 526 556 590 620 651 681 714 741 776 808 840 869]; 
fregq(29,1:3)= et 396 426 
45610 

freq (27, 126)— M 427 
457 493 528 558 592]; 

EE =a 428 
458 494]; 

freq( 29) les) = XI 


459 495 530]; 
freq(30,1:4)= f 
460 496 531 560]; 
freq (sie i: 2) ae 
497 532]; 
fredqi3251:2)-— T] 
498 533]; 


numfreq=(2 3346423 164431188 8101197643 3 4 «16 36m 
4 2 2]; Së of Doppler frequencies in each range-bin 


Samplitude of each scatterer 


A = ones(numtaps,dp_pts) ; Sall amplitudes set to "1" for 
Simplification, representing equal strong scatterers 


Screate a combined signal per range gate 
targetSum = zeros(numtaps,dp_pts); 


for idx1 = l:numtaps 
target = zeros(dp_pts,length(ti)); 


tor 10x2 = 1 -numered (idx) $Doppler frequencies 
for idx3 s 1:Tengtbh(t2) $create each signal seperatelv 
fi. = rand(1)*0. r random initial phase shift 
target(idx2,idx3) = A(idx1,1dx2)*exp(- 
J *2* pit freq (1d 1dax2) ta 1650320 EC £39) 
end 
end 
Lor vax4 zo T1:numtfrec(ise1 %create the combined signal for 
that range gate 
targetSum(idxl,:) = targetSum(idx1,:) + target(idx4, :); 
end 
end 


$extract gain (amplitude) coefficients 


amp - abs(targetSum); $extract magnetude 

ampmax - max(amp); $find max 

ampmaxmax = max(ampmax) ; $find max 

for il - 1:numtaps $hard limit magnetude using 4 
levels 


for i2 dp pts 
if ampí(í(il,i2)/ampmaxmax » 0.8 
ampq(il,i12) = 8; 
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end 

if amp(il,12)/ampmaxmax « 0.8 
A 

end 

1f amp(il,12)/ampmaxmax < 0.4 
ampg(il,12) = 2; 

end 

if amp(il,i2)/ampmaxmax < 0.2 
AM 2) = 1; 

end 

end 
end 


gain = ampqd; S$assign quantized magnetude values 
to gain-coefficient matrix 


extract phase angle 


vphasel-zeros (numtaps,dp. pts); $initialize 

vphase2-zeros (numtaps,dp. pts); $initialize 

vphase3-zeros (numtaps,dp. pts); $initialize 

tor idx5 = 1:numtaps $for each range gate, 
vphasel(idx5,:)-2angle(targetSum(idx5,:)); $extract phase angle 
vphase2-vphasel*2^5/(2*pi); adjust value to be 

between 0 and 32 (dec) 
vphase3-round (mod(vphase2,2^5)); $round and mod32 to get a 

5-bit binary representation 

end 


$extract phase coefficients 


phaseinc=zeros (numtaps,dp_pts) ; $initialize 
for idx6 = l:numtaps $turn values into phase-increments 
tor xcbc7 = "1 dp pts | 
if idx7==1, 
phaseinc (idx6, idx7) =phaseinc (1dx6, 1dx7) +vphase2 (1dx6, 1dx7) ; 
else 


phaseinc(idx6,idx7)=phaseinc(idx6,idx7-1)+vphase2(idx6,1dx7- 
1) -vphase2 (1dx6,1dx7) ; 
end 
end 
end 


tor axe = 1: dp pts %adjust values to represent the 
number of bits used in hardware 
for 10x9 = l:numtaps 
phasecoeff (idx9,idx8) =2* fix (mod (phaseinc (idx9,idx8),32)/2); %4- 
bit phase modulation coefficient 
end 
end 


write modulation parameters of the false target to text file 


%$f4 = fopen('paraMULTIq4Vcasei.txt', 'w') 
f4 — fopen('paraMULTIqg4Shrp3s 60247 tXxCt . "Ww" 
$f4 - fopen('paraMUDTIg4Shipl.txt', w'); 


ES 
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Gemantt (£4, saran T rg PES); Së of range-bins 


EE LE Bairin derpes); SH OF Doppler bins 

Fprintf (£4, '$d\r\n' ,numtaps) ; 6# of taplines (target 
extent) 

for aa=1:dp_pts gain mođulation coefficients 


for bb=1:numtaps 
fprinti (£4, teen | gain (bp, aa oe 
end 
end 
for aa=l:dp_pts <phase modulation 
coefficients 
Cor bb=1:numtaps 
fprintf(£4,'%d\r\n',phasecoeff{(bb,aa)); 
end 
end 
fclose(f4); 


$end of file 


4. CREATING TEST VECTORS IN T-SPICE 


Creating a long test vector in binary format can be tedious if it must be done 
manually and the probability of making mistakes cannot be ignored. These three files 
presented here have been used for transforming data, parameters, and control signals, 
used for Matlab simulations, into T-Spice format including appropriate T-Spice 
commands in a computer process. The outputs from these files are in text-file format, 


which can easily be added together for a complete T-Spice input file. 


a. convert2binary_rawint.m 


3; 5 9; 95 9; 9; 2; 9; 9; 95 95 95 95 959: 95 0:95 9; 9; 9; 959, 9; 9; 95 9; 959,959: 9:9: 9:9: 9,9: 9:9: 9:99, 9:9: 99:9, 99,2: 099: 9; 9,0: 95 9; 25 9; 05 0:9; 255 9; 95 05 95 55 05 


ge 


convert2binarv_rawint.m 
To convert input values to T-Spice input vector format 
to be used for T-Spice simulation of the DIS chip. 
Prints modified DRFM-phase data as binary test vector. 
Created by: 

MAJ Stig Ekestorm, Feb -00 

Naval Postgraduate School 


$599595995954595995955995959595995 555595595955 559555555559 555555 5 5 55 5555525 


dP oO 


go 


oP 00 


de Je 
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set = 1; $what set of radar pulses 


MOLL: $number of radar pulses in 
one set 
norpl = 1; $number of radar pulses in 
one set 


$nDopplerCell-8; 
snRangeCell=10; 
nDopplerCell=64; 
nRangeCell=62; 
pw=400; 
numzero=31; 


drfm=ones (nDopplerCell,nRangeCell) ; 


fid = fopen('rawintTspice.txt','r'); %open rawint.txt to be read 
for = I:nDopplerCell 
for k = 1:nRangeCell-1 
drfm(l; k) = fscanf (fid, zd 1l); 
comma = fscanf (fid, es 
end 
drfm(j,nRangeCell) = fscanf(fid, '%d',1); 
end 
Felose(fid); 


fl - fopen('drfm binl.txt','w'); $DRFM-phase data in bimary, 
intermediate file 
mou = I:-aDopplercCell 
peligna); 
SEDrintt (fi, seta’; Radar Pulse” 3. 
CEDERE ID 
for k = l:nRangeCell 
drfm bin = dec2twolartml).k) 6,0): 
Eprintt (il, cb cESm pi) 
ERCINCENEL, Vea 
end 
end 
helrose( £1); 


drfm2=zeros (nDopplerCell*nRangeCell,5); 
Pace — open | Ge nmoo |. bee 5) m 
for j = 1:nDopplerCell*nRangeCell 


ie ei a A! 
drfim2 (ok) s Escant (rid. ta 2h) 

end 

arinzg (475)° = fscanf (fid zd", 1); 
end 
fclose (fid); 
drim =ar im?" 
f2 2 fopen('drtm bin2.txt','w'); SDREM-phase cata in binary 
f3 = fopen('darfm bin3.txt','w'); %DRFM-phase data in binary, T-Spice 
format 
LOLAS AS 


for k = 1:nDopplerCell*nRangeCell 
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1f j==1 & k==1, 


fprintf(f3,'$s','VinPhase4 Phase4 Gnd bit (Stee is 
end 
if js2 5E — 

fprint£( £37 ss , VinPhase3 Phasez Gna ore DD 
end 
Jag s qe 

fprintf(f3,'$s','VinPhase2 Phase2 Gnd bit CURIE 
end 
if 3==4 $ k==1, 

EE EIERE EE EE E CE 
end 
jer cc km 

fprintf(fí3 '"$s' "vinPhase0 Phase) Cra bit A 
end 


drfm bin = drfm3 (j,k); 
EPrInGE (£25 see aL time hae. 
print (£35. o aGrtm orm): 
end 
fprintf(£3, ‘ss’, on=5.0 off=0.0 pw numeseate. ye ee 
fpruanuctot2 "m 
fprinci (E M rH 


end 
fclose(f2); 
fclose(f3); 
Cente =. sli 
zeropadstart = zeros(5,7); $1 for sync clear, 6 for loading gain ame 
phase mudulation coefficients 
zeropad = zeros(5,numzero); %31 for reading out results between radar 
pulses 
for k = 1:nDopplerCell 

lf e 

Grfm4 = [drfm4, zeropadstart, drfm3 (1:5,1:nRangeCell)]; 
else 


Grfm4 = [drfm4, zeropad,drfm3 (1:5, (k- 
1) *nRangeCell+1:k*nRangeCell) ]; 
end 
end 
drfm4 = [drfm4, zeropad]; 


f4 - fopen('converted rawint l.txt','w'); $DRFM-phase data in binary, 
padded with 31 col's of zeros after every radar pulse, T-Spice format 


Start = (1+6)+(set-1)*norpl1* (62+31) + 1; %start bit of the set 

if set == %glst set (special Case) 
start = 1; $start bit is then the lst 

Da 

end 

stop = (start-1) + norp*(62+31); %stop bit of the set 

lf start zz %lst set (special case) 
stop = (1+6) + norp* (62+31); $7 bits for sync clear and 

load, then 3 radar pulses (37% (62-310 

end 

Ee ele 
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for k = start:stop strom start bito deli 

sior k= I:length(drfmi) 

Slength(zeropadstart) +nDopplerCell* (nRangeCell+length (zeropad) } 
OS A == S aa Le 


fprintf (f4, toe ease! Phased Goa bit (Ye: 
jf» 
prat (Li) zs", 0000000"); 
end 
end 
poc 
fprintf(f4,'$s','VinPhase3 Phase3 Gnd bit GO 
ifo k> 
forint E (fA as", 0009900"); 
end 
end 
if j==3 & k==start, 
POrintit(t4, ss",  Vinenase2 eases Cucwort O e 
oe ko 
fprantft(f4 ss 505009000005)5 
end 
end 
if j==4 € k==start, 
fprintf(f4,'$s','VinPhasel Phasel Gnd bit RO 
Vf tei 
fprintf (t4, EST "0900000 
end 
end 
if j==5 & k==start, 
fprintf(£f4,'%s‘,'VinPhase0 Phase0 Gnd bit (ose: 
if kK>I 
fprintf(f4,'$s','0000000'); 
end 


end 
area bis atm Kk) 
print (td, “sa action); 
end 
Eprintli £4, 4s". } on=—5-0 Gff—0.0 pw mune stew) ae 
EE AI 
end 
EorInEpEOfA ee et e 
Ee 
fclose(f4); 


save converted rawint drfm4 


Send of file 


b. convert2binary_para.m 


L KEN Oo CO OO OO CO. OC OO OG C EN 
$5 259; 9; 95 9; 9. 9. 99. 9. €. 9: 9: 9. 99. 9; 9. 95 S5 S5 5 2; 85 95 2; 95 9: 9:9; €; 9s £5 95 95 95 95 95 55 95 


© 


de 


$5 95 15 55 35 $5 5 $5 $5 55 56 5 $6 6 6 5 16 $5 6 5 16 5 6 6 0 6 
$ convert2binary para.m 

$ To convert input values to T-Spice input vector format 

Soto be used for T-spicefsimilation of the DIS chip. 

% Prints modified gain and phase modulation parameter data as binary 
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oe 


cest vector. 
Created by: 


oo 


% MAJ Stig Ekestorm, Feb -00 

% Naval Postgraduate School 
ESESEECESEESESESESESESESESEETEEESEEEEEEEEESEESELEEEESEEEEESSESSSEEESEYEY 
set = 1; Swhat set of radar pulses 
morp = i $number of radar pulses used 
in the set 

norpl = 1; $number of radar pulses used 


im che cer 


%simulation parameters 


pw=400; $pulsewidth of simulation 
pulse in T-Spice 
porca $$ of bits used to represent 


Phase Modulation Coefficient 


Sextract values - select input file 

SETA] topen( para. tus open para.txt to be read 
S$Lid 7 = fo en paraMULTi txp' 9E $open paraMULTI.txt to be 
read 

Srid = open paraMUbiigs Exe. = $open paraMULTIq5.txt to be 
read 

srid =MeEepení ' paraMULTIO A. 3 3 open paraMULTIa4.txt to be 
read 

fid- = topen EE Ee UNE sopen 


paraMULTIq4ShipXXX.txt to be read 


Sextract scaling parameters 
tory 13 
ie J-i 
nRangeCell = fscanf(fid, '%d',1); %# of DRFM-phase samples per 
radar pulse, range-bins 
end 
if j==2, 
nDopplerCell 
bins 
end 
uS gjes3. 
targetExtent 
execent 
end 
end 


fscanf(fid,'$d',1); 3% of radar pulses, Doppler 


fscanf(fid,'%d',1); %# of Tapline used, target 


$initialize matrices 
gain-zeros(targetExtent,1); 
phase-zeros (nDopplerCell,targetExtent); 


$extract gain modulation values 
for j = 1:nDopplerCell 
for k = l:targeteExtent 
gaäain(j-k) = fscani (fid, 2da I); 
end 
end 
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Sextraxt phase modulation values 
for j = 1:nDopplerCell 
for k = l:targetExtent 
phase(j,k) = fscanf(fid, '%d',1); 
end 
end 
fclose(fid); 


Convert gain modulation coefficients 
Bsdjustment to correct multiplication factors for the amplitùde gain. 
value 
O j = I:nDópplerCell 
for k = 1:targetExtent 
switch gain(j,k) 


case {1} 
gain(j,k)=0; Sno SHPEty multiplicación by 1, nandaware bit 
tt 00 n 
case {2} 
gain (9,k)=1; snitt D 15 multiplication by 2, hardware) oie 
D 01 te 
case {4} 
gain(j,k)=2; 6Sshift*by 2, Multiplication hywd WhsscwWores s. 
te 10 ti 
case {8} 
gain(J,k)=3:; S$shitt by 3, multiplication bys, hardware bie 
111" 
end 
end 
end 


Mime Open ( para gain brulotxt','w'")»- * 
for j = 1:nDopplerCell 
for k = l:targetExtent 
gain_bin = dec2two(gain(j,k),2,0); 
fprintf l; Sa {gain bin (1,2310 
pred Pel. wu). 
end 
end 
fclose(f1); 


gain2-zeros (nDopplerCell*targetExtent,2); 
Rgccs-cropen('para garmneb»rimnit.tost'5"r').€* 
for j - l:nDopplerCell*targetExtent 
orde 2 
gain2(3.,k) = fscanf (fid; +a "E 
end 
end 


fclose(fid); 


gain2MOD-flipir(gain2); 
gain3-gain2MOD'; 


i2 —--ftopenit'paracdaln^bi02-65:5065 y wi). 
fore Ty A 
for k = 1:nDopplerCell*targetExtent 
galin bin = gains (j.k); 
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fprintf (f2, sd T gain Din); 


end 
fprintf (f2, Meine 
end 
fclose (f2); 
£3 = fopen( ‘para _gain_bin3 .txt','w'); Sin format sor ToplevE MEINE 
file 


gain4 = zeros(2,nDopplerCell*32); 
[row col]=size(gain3(1:2,1:nDopplerCell*targetExtent)); 


for m = l:nDopplerCell 
for j = l:targetExtent 


Onde lu» 
na he 
gain4{(k,j) = gain3(k,3j); 
else 
gain4 (k, j+(m-1)*32) = gain3 (k,j+(m-1) *targetExtent) ; 
end 
end 
end 


end 
gain5=reshape(gain4, 8*pbit,2*nDopplerCell); 


=D TE 
for k = 1:2*nDopplerCell 
torqzuttof3, sa [galo ke), 
end 
EDILES € ry 
end 
fclose (f3); 


$convert phase modulation coefficients 
f4 - fopen('para phase binl.txt','w'); $ 
tor- jcseubopplercer!: 
for k = l:targetExtent 
phase bin - dec2two(phase(j,k),5,0); 
forintt (£4, 73a, phaser bint), 24 peat DE 
EPLIDELIEZZC An: 
end 
end 
fclose(f4); 


phase2=zeros (nDopplerCell*targetExtent,pbit) ; 
fid = fopen('para_phase_binl.txt','r'); % 
for j = 1:nDopplerCell*targetExtent 
Lo =D 
phase2(j,k) = fscanf(fid, '%d',1); 
end 
end 


fclose(fid); 


phase2MOD-fliplr(phase2); 
phase3-phase2MOD'; 
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ED =. t@pen( Parcaepmase mime, txt’, ww"); $ 
tor Jas -pbit 
for k - 1:nDopplerCell*targetExtent 
phase bin = phase3 (j,k); 
fprintf(f5,'$dà',phase bin); 
end 
EDI) 
end 
fclose(£5); 


fó - fopen('para, phase bin3.txt','w'); %in format for Toplevel input 
file 

phase4 = zeros(pbit,nDopplerCell*32); 

[row col]=size(phase3 (1:pbit,1:nDopplerCell*targetExtent)); 


for m = 1:nDopplerCell 
for j = l:targetExtent 
rotte pit 


O == 10 
phase4(k,j) = phase3(k,j); 

else 
phase4 (k,j3+(m-1)*32) = phase3 (k,j3+(m-1) *targetExtent) ; 

end 

end 
end 
end 


phase5zreshape (phase4,8*pbit,4*nDopplerCell); 


[Or j ~ 1:8*pb1t 
for k = 1:4*nDopplerCell 
fprintf (f6, sa phase)” 
end 
prime aa ys 
end 
fclose(f6); 


$make one matrix of Gain and Phase Modulation Coefficients 
phasegain = []; 


zeropadstart = zeros(32,1); $1 for sync clear 

zeropad = zeros (32,nRangeCell+31-6); 262 for processing DRFM-phase 
data, (31-6) for reading out values and loading new gain and phase 
modulation coefficients 

zeropadend = zeros (32,nRangeCell+31); %62+31 for the last radar pulse 


and final readout 


start = set*(norpl-1); $start radar pulse of the set 
$start = set*norp + 1; $start radar pulse of the set 
$start = (1+6)+(set-1)*norp* (62+31) + 1; %start radar pulse of the set 
LE set == 1 Sist set (special case) 

start = 1; start radar pulseñisienen 
the lst radar pulse 
end 
Stop. .— set*inorol-l)t (norp-1); stop. radar pulse or fie sce 
Stop = set morp. + norp; Sstop radar pulse of the set 
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VE Start == %1st set (special case) 


stop = norp; $just the number of radar 
puises 
end 
$stop = (start-1) + norp* (62431); <stop radar pulse of the set 
pestare == F Slst set (special case) 
% stop - (15 E wero (62751) - $ 
Send 


for k = start:stop 
Sror k = I: nD pler er 
tf 0kK=—-Stanee 
[ae ce 
phasegain = 
[phasegain,zeropadstart,phase5(1:8*pbit,1:4),gain5(1:8*pbit,1:2)]; 
else 
phasegain = [phasegain, zeropad, phase5 (1:8*pbit, (k- 
1)*441:k*4)2garn5 (b: 8*pbrte EI 


end 
end 
phasegain = [phasegain, zeropadend] ; 
f7 = fopen('converted para l.txt','w'); $gain and phase modulation 


coefficients in binary, padded zeros during every radar pulse and time 
for readout, T-Spice format 
Lor cg EE 
for k = 1:length(phasegain) 
if j==1 & k==1, 


fprintfi(f7,' *s ;"VsrnBUSU bus0 Gnd bit (UD: 
end 
DINER MH 

fprintEl e Vinebusl Busl Gag cae ‘eas 
end 
if j==3 & k==1, 

fprintf f? 945, ‘Vinsuszesus. cung bus Deg E 
end 
vede 

fprintf (£7, '%s', ‘VinBus3 Bus3 Gnd bit Cin: 
end 
if j==5 & k==1, 

fprintf(f7,' ss) '"wyunBus4 Bus22eud biG ND 
end 
if j==6 & k==1, 

fprintf(£7,'‘%s",'VvinBus5 Bus5*Gndébi: (oi 
end 
ift ss «€ kel 

fprintf(£7,'$s','VinBus6 Bus6 Gnd bit (Ae 
end 
TE J==8 & k-— 

fprintt’ (£7, 22s.) vemsus?y Bus? Gna bic ie: 
end 
if j==9 € k==1, 

fprintf(tv "ss nP S TEUS SE CA EE Fa 
end 
if j==10 £ k==1, 

EE EE EE EE (NET 


212 


end 

if 3==11 £ k==1, 
PEINE (iy, 66. 

end 

1f j==12 & k==1, 
POrIMe fhe $S" 

end 

EE el 
TPDromtp(tg. "ss 

end 

Te g==14 & k==1, 


t 


TDi ELE c 


end 

e A k=l. 
f5rinEert(rl ws 

end 

1f j==16 & k==1, 
IDFrintf(tl,' 5s" 

end 

== == 


fporsemttotg 75 


end 
1f j==18 & k==1, 


PO Prien oS), 


end 

if J==19 & k==l, 
FOCE), ss" 

end 

msg s = e 
torgsntt(orgi seco 

end 

1£ j==21 & k==1, 
foriner (iy,  ss° 

end 

BEEN 


t 


, 


, 


PEPGIMe Cr ares, 


end 

if j==23 & k==1, 
EPI Er ss. 

end 

iF ees & ile 
Eprimtef E) "5s" 

end 

1f j==25 & k==1, 


, 


[fDFTHERCST U$e', 


end 

Tf) )——260 0. K-—=1, 
fprintf? ts" 

end 

if j==27 & k==1, 
fborantf(rt7,' ss' 

end 

Ee K=—L, 
fprintf (f7, oS 

end 

if j2229 & kz-1, 


, 


, 


, 


WWVanBusto 


"3xnpusl] 


‘VinBusl? 


'VinBus13 


arn Bills 


"VainBus lo 


"VinBusl6 


‘SamBusi 7 


'VinBus18 


'VinBus19 


'VinBus20 


'VinBus21 


‘VinBus22 


'VinBus23 


'VinBus24 


'VinBus25 


'VinBus26 


'VinBus27 


Bus10 


Busll 


Bus1l2 


Bus13 


Bus14 


Bus15 


Busi6 


Bus17 


Bus18 


Bus19 


Bus20 


Bus21 


Bus22 


BUS23 


Bus24 


Bus25 


Bus26 


Bus27 


2/9 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


Gnd 


bit 


Dit 


Dit 


pug 


pit 


Dr 


[ossis 


bat 


Part 


Dit 


Dit 


ante 


bit 


Dit 


Dore 


Pit 


bat 


ionic 


n) 


(606; 


forint£ (£7, °ts ', VinBus28 Bo=s2o random. Cie 


end 
It gecsp S Sce 

fprintf(tV7,' $s' VaneucZo Bice een sac RU 
end 
IP J=: e aksin 

foprinti(t?, ss") Vinbus30 Bucs0ecma ore Cy aa; 
end 
1f 3223288 E19 

fprintk(f7,'vws','"vsnmBus3l Bos307NGRHN d Ce) 
end 


phasegain_bin = phasegain(j,k); 
fprintf(f7,'$d',phasegain bin); 
ena 
fprintt(t7,' *s' »'") on=s— CsofE—-070 pw] num Senio PEN E 
fprintkE(rve DU SEDE 
end 
fbrintf(0t2 "zc. 
fbrintf(rg7 mE 
fclose(f7); 


%end of file 


C. convert2binary control.m 


$5 $5 5 25 85 $5 5 55 $5 55 55 5 95 S5 S5 5 5 5 55 6 76 5 76 5 0 6 6 0 5 0 0 5 0 0 50 0 60 6 5 555 6 55 5 5 5555 5555555050555 
6 CONVeELEZDimaty econerol Mm 

$ To convert input values Goel -Spoicerinpueyvector, -o-nae 

% to be used for T-Spice simulation of the DIS chip. 

% Prints chip control signals as binary test vector. 

% Created by: 

% MAJ Stig Ekestorm, Feb -00 


% Naval Postgraduate School 

95 9; 95 95 9; 95 9; 95 95 25 95 9; 9; 9; 9: 5 95 95 95 9; 9; 95 9:95 0; 9 09: 059. 05 9, 25 0; $5 8 95 25 55 05 25 95 $5 5 5 $5 $5 55 85 55 55 5 5 5 6 6 5 6:0 65 0 0 0 0 60 0 5 00 
PUrp =~; $number of radar pulses used 
in the set 

mnurpl se] $number of radar pulses used 


in the set 
nDopplerCell-nurp; 
$nDopplerCell=64; 
nRangeCell=62; 
numzero=31; 


pwc=200; Spulsewidth of clock pulse 
T-Spice 

pw-2*pwc; $pulsewidth of signal pulse 
in T-Spice 

load converted rawint $variable is drfmá 

fl fopen('converted controle tup wi SCONtCrOl signals rm 
binary, T-Spice format 

% 


Panal es y ii) 
O NENA jos 
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%clock 

Contee, ‘VineLKk CLESGnA bit (Ode 
TPL RN EM "ss on 780 pw num2str(pwc),'‘n)'); 
EDSINEECE], en), 

tprincf (fl OE 

EI le 


hold 

Berintt (£l, “ss', “VimHLD HLD End bit CAE 
Rprantft(tl,'$s') } sem-omonort=0.0 pw", numZstr (pw), °n)')= 
BEprsintcRofl. poni); 

load 


onel=ones (1,1+6+nurp* (62+31)-1); 
$onel=ones (1, length (drf£m4)-1); 
for k = 1:1+6+nurp* (62+31) 

$for k = i:length(drfm4) 


ve K==]' 
PEPrInGh (fl, 2es", Vinee mb. Gaa Dit (ODE 
else 
fprintf(£1,'%d',onel(1,k-1)); 
end 
end 


STE EE eee eo 00 pwy"num2str(pw), “00050; 
printf (f1, 'AxWn'); 
%scan right 
fprincef (fl, "ss, 'VInNSR SR Cnd- -bit (OON 
printt(tl, 38%)” ) On=5.0 ott=0.049 >=", numi2str(pw), MN 
ipreintf (el, '\r\n'); 
%scan left 
Eprinecr (fl ss". 'VinSL SL Gad bie (OO, 
Eporintf(fl,'$s',') ons5.0 otr-s0vc0 pwez'.num2strip) bb 
AINE (El, Arn; 
Ee E E 
Co inef(fI, Naom 
$scan right in | 
fprintf(fl,'$s','VinS P Test Rin S P Test Rin Gnd bit Cot: 
Eprintf(fl,'$s',') ons5.0 ofts0.0.Dw-"num2stsupw) "D. 
print (tl, ia” 
%scan left in 
fprintf (fl; '%s', Vins- P rest Lin S-P Test _ Lin cnd Dit El 
IIe ebe ee Ke kee E e ER RE SEN EE EN EE el GE ig ee 
ENEE Tee ni 
EE E ~=]; 
print (tl, Ei > 
%range-bin valid 
one2 = ones(1,nRangeCell); 
zero2 zeros (1,numzero) ; 
block 106, 
for k = 1:nDopplerCell 
block = [block,one2;,zero2]:; 
end 
for k = 1l:length (block) +1 
==] 
fprintf(f1,'%s', 'VinRange_bin_valid Range_bin_valid Gnd bit 
(0000900002) 
else 
fprinctt(fl, "2a", bloek( 1 Fe) ) > 


r 


Zio 


end 
end 
fprintf(fl,'$s','] onssm0 oft3,Ü nw=' numZ2str (pw) a 
korantt(fl "Wr mE 
Eprintt (fl, "ts 3a 
Ltprintf(Ir1,; Vb OE 
$load phase A 
zero3 = zeros(1,nRangeCell+numzero-6) ; 
PhaseA = [1,0,0,0,0,0]; 
LoadPhaseA = [J]; 
for k = 1:nDopplerCell 
LoadPhaseA = [LoadPhaseA, PhaseA, zero3]; 


end 
for k = 1:length(LoadPhaseA) +1 
QE eer E 
fprintf(f1,'%s', 'VinLD_Phase_SupTap_A LD_Phase_SupTap_A Gnd bit 
CO 
else 
fprintf(fl,'$d',LoadPhaseA(1,k-1)); 
end 
end 


tprintf(rIl,'$s', 000000)aa801-5 DNOLf-0c0cpw-'enum2sStb(pw) M SUE 
Forintt(Ffl. \ eae 
%load phase B | 
zero3 = zeros(1,nRangeCell+numzero-6) ; 
PhaseB = [0,1,0,0,0,0]; 
LoadPhaseB = []J; 
for k = 1:nDopplerCell 
LoadPhaseB = [LoadPhaseB, PhaseB, zero3]; 


end 
for k = 1:length(LoadPhaseB) +1 
jem ia 
fprintf(fl,'$s','VinLD Phase SupTap B LD Phase SupTap B Gnd bit 
puo) 
else 
fprintf(fl,'$d',LoadPhaseB(1,k-1)); 
end 
end 


fprintf(fl,'$s','000000) on=5.-01off=0. 0T PY- PNM SE PT 
Forint El, Ain) 
%load phase C 
zero3 = zeros(1,nRangeCell+numzero-6) ; 
PhaseC = [0,0,1,0,0,0]; 
LoadPhaseC = Il: 
for k = 1:nDopplerCell 
LoadPhaseC = [LoadPhaseC, PhaseC, zero3]; 


end 
for k = 1:length(LoadPhaseC) +1 
E EE 
fprintf(fl,'$s','VinLD Phase SupTap C LD Phase SupTap-C Gnd gs 
ou 
else 
fprintf(fl,'$d',LoadPhaseC(1,k-1)); 
end 
end 


fprintf(fl,'$s','000000) ons5.0 offs0.0 pwsz' 2num2str(pw) un 
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price) 
$load phase D 
zero3 = zeros(1,nRangeCell+numzero-6) ; 
PhaseD = [0,0,0,1,0,0]; 
LoadPhaseD = []; 
for k = 1:nDopplerCell 
LoadPhaseD = [LoadPhaseD, PhaseD, zero3]; 


end 
for k = 1:length(LoadPhaseD) +1 
mue]. 
fprintf(fl,'$s','VinLD Phase SupTap D LD Phase SupTap D Gnd bit 
EUN 
else 
fprintf(f1, '%d',LoadPhaseD(1,k-1)); 
end 
end 


EE ts’, O0OU000} ón=5.0 off=0.0 pw=mum2str(pw) fo 058 
fpreinef(cfl.;“\r\n'); 

BourIntt(fl,'$s' ,'*'); 

Banc (tl, Xin y; 

Suse phase 


zero3 = zeros(1,nRangeCellt+numzero-6) ; 
Phaseinc = [0,0,0,0,1,0]; 
UsePhaseinc = []; 
for k = 1:nDopplerCell 

UsePhaseinc = [UsePhaseinc, Phaseinc, zero3]; 
end 
for k = 1:length(UsePhaseinc) +1 

cde 


fprintf(fl,'%s','Vinuse Phase inc use Phase inc Gnd bit 
SS 
else 
fprintf(f1,'%d',UsePhaseinc(1,k-1)); 
end 
end 
EprantkE(Fi,' $9','000000) ons50moftfe0 Oum uam ct ud e 
EE Arno) 
Eritrea "Ss e 
rante lalo A Na O 
Sload gain AB 
zero3 = zeros(1,nRangeCell+numzero-6); 
GainAB = [0,0,0,0,1,0]; 
LoadGainAB = []; 
for k = 1:nDopplerCell 
LoadGainAB = [LoadGainAB, GainAB, zero3]; 


end 
for k = 1:length(LoadGainAB) +1 
if k==1' 
fprintf(fl,'$s','VinLD Gain SupTap AB LD Gain SupTap AB Gnd bit 
CO 
else 
fprintf(f1,'%a',LoadGainAB(1,k-1)); 
end 
end 


Errante ss 0009000) .on—>, 05 Or r—0.0 pws "4nUMeSer (pW). 1) J? 
formato 
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$load gain CD 
zero3 = zeros(1,nRangeCell+numzero-6) ; 
GainCD = [0,0,0,0,0,1]; 
LoadGainCD = []; 
for k = 1:nDopplerCell 
LoadGainCD = [LoadGainCD, GainCD, zero3]; 


end 
for k = 1:length(LoadGaincCD) +1 
L= = 
fprintf(fl,'$s','VinLD Gain, SupTap CD LD Gain SupTap.CD Gnd bit 
CLIO 
else 
fprintf (f1,'%d' LoadGainCD(1,k-1)); 
end 
end 


tprineB0rd s ts’, '000000} on=5.0 off-0.0 pu: NUM SEn EA e 
EE e 

EE "Te ee 

EISE ECK 

% 

fclose(f1); 

send of file 


di COMPARING MATLAB AND T-SPICE SIMULATIONS 


Examining the outputs from T-Spice simulations requires some sort of post-data 


treatment. In this case a hard-limiter script-file converts output voltage levels from 


T-Spice simulations into binary and decimal representation. These values can thereafter 


be used i.e. by the compare script-file to compare Matlab simulation results with T-Spice 


outputs. 


a. hard_limiter.m 


EEEEEEEEESEEEEESEESEEEESEEESESEEETESECESSEESEEESSEEESEEEEEEEESESEESSSEECEEESESESES 
$ hard limiter.m 

$ Hard Limiter 

$ - reads modified text files generated from T-Spice output files 

$ - extracts and assigns values to variables 

% - hard limiters values into binary representation 

% - writes results in decimal form to text files 

% - writes results in 2-complement binary form to text files 

$ Created by: 


MAJ Stig Ekestorm, Nov -99, Modified Jan -00 
Naval Postgraduate School 


oe o9 
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6 ~**MREAD IN VALUES FROM T-SPICE OUTPUT FILES (in text file format) 


x * 


clear clear all variables 


specify the number of rows and columns for the original text files 


row=207; %# of rows 
Peolin—c- %# of columns for 
Prout 

Cölout=17; “t of columns for 
output 


%open original text files to read values 


Bein = fopen(' MESE > Id $specify file name 

conti = fopen('Switch_T_OutputsMODld.txt','r'); specify file 
name 

Bout fopen('Switch-O-OutputsMODid.txt','r*)s *$specify file 
name 

$initalize 


Stmpin=zeros(row,colin); 
tmpoutiI=zeros (row, colout) ; 
tmpoutQ=zeros (row, colout) ; 


$extract values from the original text files 


ssorkiax2=l:row, %# of rows 
% BOR? Lees =) eo. un %# of columns 
% EIERE EE EE Sreads in the values 
% end 
$end 
tor LGst2— 1s row, %# of rows of valid 
result out 
roredx3-l:-colout, %# of columns, OBS: 
lst column is time 
tmponutt(ridx2-18x5)srtscant(foutri. f %reads in the I 
values 
EmpoutO(1dx2710x3)-fscanf(foutoO Sor: %reads in the Q 
values 
end 
end 


%close original text files 
$fclose(fin); 
fclose(foutI); 
fclose(foutQ); 


o *"** EXTRACT/SEPARATE VARIABLES "54 


Sinitalize 
time=zeros(row,1); 

bi n=Zzerosi( row, colin= 1); 
outI=zeros (row,colout-1); 
outQ=zeros (row, colout-1) ; 
$input=zeros (row, colin-1); 
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ITout=zeros (row, colout-1); 
Qout=zeros (row, colout-1); 


sassign values to correct variable 
timestmpoutI(:,1); 
$instmpimi-2 col 
outl-tmpoute colout); 
outQ-tmpoutQ(:,2:colout); 


% *** RHARDECEMTTER *** 
thard EINI Cer 


tor idx4=1:row, 
slo lox s=1-CcOlLIn—-]> 


% Dro onmni(idx4 acx5 pere 
% Input adi de) 
% else 

% mnput (rds elses je 
% end 

end 

tOr Laxs=1:colouurale 


UE TOUEL(1AXL UASD On 
Tout (10xi ido) 0; 
else 
Mout (1x4 resco) — 1 
end 
end 
for 1dxS5=lHcoloue=15 
ift oüto(idxz4,idx5)<=2.5, 
Oout (1dz4r1dx5)=0; 
else 
Gout 1da 171dax5)]=I. 
end 
end 
end 


$flip matrices to get MSB to the left, 


$1f less then 2.5V 
SSCL Dic geome. 

$1f higher then 2.5V 
ESECPBIETTO 1" 


Sif less then 2.5V 
set Dit tomos 

Slt higher Penta! 
%set bit COI 


$1f less then 2.5V 
%set bit Co "07 

$if higher then 2.5V 
$set bit to "1" 


end’EsBarteos hnescigne 


check the order of the values in the text file to confirm if this» 


necessary 
-na e rpl (input); 
Touts fliplr(Iout); 
Oour=reliplr d00ut); 


$ *** PRINT TO MATLAB COMMAND WINDOW *** 


$print input and output matrices to MATLAB Command Window 


SAVE c 

$disp('Input vectors:') 
$input 

$disp(' ') 

$disp('Output vectors: ') 
%Iout 

SQo0ut 

$disp(' ') 


Ss PRINT TO TESIS 
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Sprint I- and Q-output in decimal values to two new separate text files 


fi=topen("' loutputsDeCld txt", 'w'); Sopen text file to write I- 
results to 
f2sftopen('QoutputsDECid.txt','w'); Sopen text file to write Q- 


results to 
Sprint I- and Q-output in 2-complement binary representation to two new 
separate text files 


*+b-topen(/ToutputsBINid exe, w'); Sopen text file to write I- 
results to 
sicropen(QourputsBiINiatext*. ww"): Sopen text file to write Q- 


pesults to 


Iout_dec=two2dec(Iout,7); %convert to decimal values 

Qout dec-two2dec(Qout,7); Sconvert to decimal values 

Er (El Sl2.8 an", 1out dec); Swrite I-values as decimal 
value 

printi (f2, %12.8f\n',Qout dec); $write Q-values as decimal 
value 

Ao tab (tl, 'Saia'.,.lout. deci $write I-values as decimal value 
Phorimer(t 2, sa yn ' Oout deck $write Q-values as decimal value 


tOr idx=1:row, 

fprintf(f3,'$d',dec2two(Iout dec(idx),8,7)); $write I-values as 2- 
complement binary 

EE ea); 

fprintf(£4,'%d',dec2two(Qout_dec(idx),8,7)); $write Q-values as 2- 
complement binary 

BENE vir) 


end 

fclose(f1); %close text file that results 
has been written to 

EGLOSE(EZ) ; $close text file that results 
has been written to 

fclose(f3); Sclose text file that results 
has been written to 

fclose(f4); *$close text file that results 


has been written to 
$end of file 


b. compare.m 


6 compare.m 
% Compare Matlab and T-Spice outputs 
- plots Matlab outputs for I and Ọ channel 


oo 


$ - plots T-Spice outputs for I and Q channel 

% - plots difference between Matlab and T-Spice outputs for I and Q 
% channel 

$ Created by: 

> MAJ Stig Ekestorm, Nov -99, Modified Jan -00 


Naval Postgraduate School 


oo 
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SESESESEETEEBESETETEEESESEEETELESEEEEEEEEESESEEEEESEEEEEEEEEEEEEEEEESS 


$ *** READ IN VALUES FROM T-SPICE OUTPUT FILES (in text file format) 


Xxx 


S$clear $clear all variables 


*specify the number of values to read from the original text files 


Snum=93 ; %# of values, lst radar 
pulse 
num=207* %# of values, total # of 


valid outputs from this T-Spice run 


$open original text files to read values 


{TI = £open(  fouremrechDecla r"); %specify file name 
[MI = föpen Io Orere e $specify file name 
fTO = fopent Courpursbecra txt, E. %specify file name 
EMO = fopenai Coura e “specify file name 


extract values from the original text files 
tmpTI = fscanf(£TI,'$%f'); Sreads in the values 
tmpMI - fscanf(fMI,'$£'); $reads in the values 
TI = tmprede numi, 

MIC ctmboMIB mun 

tmpTQ = fscanf(fTQ,'$f'); %reads in the values 
tmpMO = fscanf(fMO, '$f'); Sreads in the values 
DI REMOTA 

MI = tmpMI(l:num); 

TQ tmpTO FTU); 

MQ tmpMQ(1:num); 


fclose(fTI); 
fclose(fMI); 
fclose(fTQ); 
fclose(fMQ); 


$olot results 

figure (1) 

SUbploti 27407) 

plot (MI (62+32-1:2* (62+32-1)),'bo') 

hold on 

plot (TI(62+32-1:2*(62+32-1)) "rx ) 

nord ort 

grid 

title('Comparing Matlab and T-Spice outputs - I-Channel') 
xlabel('Data'), ylabel('Amplitude') 
legend('Matlab','T-Spice') 

axis([0 93 -100 100]) 

Subplot (2:12) 

plot (MI (62+32-1:2*(62+32-1))-TI(62+32-1:2*(62+32-1)),'g') 
grid 

title('Difference (Matlab and T-Spice) - I-Channel') 
xlabel('Data'), ylabel('Amplitude') 

legend('Difference') 

axis([0 93 -1 1]) 
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figure (2) 

sübplot (2,1,1) 

plot (MAN 62+32-1:2* (62+32-1)),'bo") 

Rota on 

Plot (TO(62+32-1:2*(62+32-1)),'rx') 

HOLA Off 

grid 

title('Comparing Matlab and T-Spice outputs - Q-Channel') 
xlabel('Data'), ylabel('Amplitude') 
legend('Matlab','T-Spice') 

axis([O 93 -100 100]) 

Subplot(t2,;1,2) 

plot (MO (62+32-1:2* (62+32-1))-TO(62+32-1:2* (62+32-1)),'g') 
grid 

title('Difference (Matlab and T-Spice) - 0-Channel') 
xlabel('Data'), ylabel('Amplitude') 

legend('Difference') 

axis([0 93 -1 1]) 


Send of file 
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6. BIT-VICE TRUNCATION OF TWO’S COMPLEMENT 


BINARY REPRESENTATION 


A script file is presented that produces an example of how one can truncate values 


in two's complement binary representation for examining different effects. 


a. truncate.m 


% 
$ Test of how to truncate a decimal number representing a binary word 
% Created by: 

% MAJ Stig Ekestorm, Mar -00 

% Naval Postgraduate School 

25 8; 9595 2,95 95 9595 959; 959; 9595 9:095 9:9: 0:00: 9:95 05 9595 95 0 0:0: 905 9:050; 059,959, 0: 0525 0; 2; 2,05 95 95 2; 2; 95 9; 0:9; 9,05 09:9; 9505 0595 % 


o O OO 


format long 


Sa number, 8 integer bits and 7 fraction bits 
aa_bit = zeros(1,15); 
for idk -0 
aa_bit (8+idx) = 2^idx; 
end 
LEO LLaX =a / 
aa bit(idx) - 2^(idx-8); 
end 


Sbit-by-bit value 
aa_bit 


make the binary word into a decimal number 
aa dec zs 0; 
For 1ax = 1:15 
aa_dec = aa_dec + aa_bit(1,1dx); 
ena 


GRR e Ode oie e He oco A Tee IO RIE OE OR RMR I e E Si re A 


original decimal number 
aa_dec 


Sconvert original number from decimal to 2-complement binary 
aa Din = dec2two(aa_dec, 8,7) 


$truncate the binary word (i.e. take out the two least significant 
bits) 
ad bin trunc = aa_bin(1,1:length(aa_bin)-2) 
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*$convert the truncated binary word from 2-compiement to decimal 
aa, dec, trunc - two2dec (aa, bin trunc,5) 


Bee KKK KK KK KR KR RK RR KR RK ERK KKK KK KR KK e Ck C ck CK ck c Ck CK ck CK ko oko 
Send of file 
(Example-Printout from Matlab Command Window) 


» clear 
» truncate 


aa_bit = 
1.0e+002 * 


Columns 1 through 4 
0.00007812500000 0.00015625000000 0.00031250000000 


0.00062500000000 


Columns 5 through 8 
0.00125000000000 0.00250000000000 0.00500000000000 


0.01000000000000 


Columns 9 through 12 
0.02000000000000 0.04000000000000 0.08000000000000 


0.16000000000000 


Columns 13 through 15 
0.32000000000000 0.64000000000000 1.28000000000000 


aa_dec = 
2.559921875000000e+002 


aa_bin = 
Columns 1 through 12 
0 È 1 1 1 1 I i 1 1 


Columns 13 through 16 
I 1 1 d 


aa_bin_trunc = 
Cólumns 1 through 12 
0 1 I 1 1 al 1 1 1 alk 


Columns 13 through 14 
d 1 


aa_dec_trunc = 
2.559687500000000e+002 


2 
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IL 


APPENDIX B. VISUAL BASIC CODES 


VISUAL BASIC PROJECT TO RUN THE DIS CONCEPT 


DEMONSTRATOR 


To be able to make the comparison between the Matlab simulation of the DIS and 


the DIS implemented using FPGA technology, one must add an intermediate step to the 


simulation flow described in Chapter V. After the Matlab file mathostvX.m has been 


executed, then all the necessary inputs are available in text files to run the hardware 


implementation of the DIS. 


The interface with the FPGA computer board is a set of Visual Basic files 


composed into a Visual Basic project called FlexTest (Flextest.vbp). The files in the 


FlexTest project are included below. The files are 


files 


e Die bas 

e Flecfunc.bas 
e Global bas 

e Mam bas 


e the isar.bas 
To be able to compile and run the project and the board properly, the necessary 


have to be located in a file structure with the following path 


c:\temasekdenise\thesis\final_design\vbfiles due to hard coding issues. To run the Visual 


Basic project FlexTest, the user needs to open the project, open the the, isar.bas file, and 
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then run the file. A graphical user interface (GUI) will show up on the computer display 


to visualize the signal processing taken place in the taps of the DIS. 


a. file.bas 


Attribute VB_Name = "fileio" 
Public nRangeCell As Integer 
Public nDopplerCell As Integer 
Public targetExtent As Integer 
Public Gain() As Integer 
Public Phi() As Integer 

Public DRFM() As Integer 
Public sine() As Double 

Public cosine() As Double 


Public Sub readPara() 

' This sub-routine reads the processing parameters generated by 
Matlab (reading from paraVB.txt) 

Dim idx As Integer 

Dim idx1 As Integer 


Open "c:/temasek/denise/thesis/final_design/vbfiles/para.txt" For 
Input As #1 


' read in number of range cells (number of samples of the chirp 


signal) 
Input #1, nRangeCell 
flexform.ParaText (0) = Val(nRangeCell) 


' read in number of Doppler cells (ndop) first 
Input #1, nDopplerCell 
flexform. ParaText(1) = Val(nDopplerCell) 


' next read in the target extent 
Input #1, targetExtent 
flexform.ParaText (2) = Val(targetExtent) 


' read in gain values (number of gain values = targetExtent) 
' ReDim Gain(targetExtent - 1) As Integer 
ReDim Gain(3) As Integer 


Gain(0) = 0 
Gain(1) = 0 
Gain(2) = 0 


For idx = 0 To targetExtent - 1 
Input #1, Gain(idx) 
' adjustment to correct multiplication factors for the 
amplitude (gain) value 
Select Case Gain(idx) 
Case Is = 1 
Gain(idx) = 0 "no shift, multiplication by 1, hardware 
Bate YOO" 
Case Is = 2 
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Gain(idx) = 1 [shift by 1, multiplication by 2 m hardware 
Dic mo” 

Case Is = 4 

Gain (idx) = 2 ' shift by 2, multiplication by 4, hardware 
DIE LO" 

Case Is = 8 

Gain (idx) = 3 ' shift by 3, multiplication by 8, hardware 
Bit "11" 

End Select 
Next idx 


' read in the next nDoppler values 
ReDim Phi(nDopplerCell - 1, targetExtent - 1) As Integer 
For idx = 0 To nDopplerCell - 1 

For idx1 = 0 To targetExtent - 1 

Input 41, Phi (idx, iđdx1) 

Next idx1 
Next idx 
Close #1 

ERA Sub 


Public Sub readRaw() 
' This sub-routine reads the raw matlab-simulated ISAR data 


Dim idx1 As Integer 
Dim idx2 As Integer 


Open "c:/temasek/denise/thesis/final_design/vbfiles/rawint.txt" For 
Input AS #1 


' Create the array dynamically 
ReDim DRFM(nDopplerCell - 1, nRangeCell + targetExtent - 1) As 


Integer 


' read in the first samples of the first pulse 
' these values are phase values from the DFRM 
For idx1 = 0 To nDopplerCell - 1 

For idx2 = 0 To nRangeCell - 1 

Input #1, DRFM(idx1, idx2) 

Next idx2 
Next idxl 
Close #1 

End Sub 


Public Sub readCosine() 
' This sub-routine reads the raw matlab-simulated ISAR data 


Dim idx1 As Integer 
Dim tmp As String 


Open "c:/temasek/denise/thesis/final_design/vbfiles/cosine.txt" For 
Input As #1 


' Create the array dynamically 
ReDim cosine(32) As Double 


' read in the first samples of the first pulse 
' these values are phase values from the DFRM 
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For idxl = 0 To 31 
Line Input #1, tmp 
cosine(idx1) = Val(tmp) 
Next idxl 
Close #1 
End Sub 


Public Sub readSine () 


This sub-routine reads the raw matlab-simulated ISAR data 


Dim idx1 As Integer 


Open "c:/temasek/denise/thesis/final_design/vbfiles/sine.txt" For 


Input AS #1 


' Create the array dynamically 
ReDim sine(32) As Double 
Dim tmp As String 


' read in the first samples of the first pulse 
' these values are phase values from the DFRM 


FOG gcse — 2081923] 
Line Input #1, tmp 
sine(idx1) = Val(tmp) 
Next idxl 
Close #1 
End Sub 


b. flecfunc.bas 


Attribute VB_Name = "FlexFunc" 
Option Explicit 


'U4 Flex Programming Logic Control & Status Ports 
Control 
Port 380/382 - Write A/B A/B 
DO = nConfig U4-H10/B8 Flex U27/U28 - AUI 
Di» = nCS U4-J11/F9 Flex U27/U28 - A35 
CS Flex U27/U28 - C33 (HI) 
D2 = nClr U4-D11/F3 Flex U27/U28 - C17 
pac = OutEn UA-K3/K10 Flex U27/U28 - C19 
Port 380/382 - Read 
D4 = Init_Done U4-L3/L2 Flex U27/U28 - R35 
D5 = Conf_Done U4-L4/K4 Flex U27/U28 - C37 
D6 = nStatus U4-L10/L9 Flex U27/U28 - AU37 
D/ = RDYnBSY U4-J2/K11 Flex U27/U28 - N35 
Port 381/383 - Write 
D0-D7 Configuration Data for Flex chip A/B 
nWS U4-H11/E11 Flex U27/U28 - E31 
Port 381/383 - Read 
D7 - RDYnBSY for Flex chip A/B 
nRS U4-G9/F10 Flex U27/U28 - A33 
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: Port 384 - FLEX User Control/Status Register 


' DO = Enable DATA, DIR for READ Buffers (DO on U4-A9, DATA DIR 
on U4-B11) 

D1 = An/B Select Flex A = 0, Select Flex B = 1 

D2 = Int_CLRn 

: D3 = Unused 

: D4 = CFAl Spare chip interconnect to FLEX A 

D5 = CFB1 Spare chip interconnect ot FLEX B 

i D6 = TST_A Flex A circuit Test Point 

! DE EDSITSESEMEXOBSCUTFCUIPSDEStODOJHE 

' Port 386 - FLEX A (left from component side) User Base 
Addr. Register 

Port 387 - FLEX B (right from component side) User Base 


Addr. Register 


Declare Function write port Lib "in out" (paddr%, pdata%, byteword%) As 


Integer 

Declare Function read port Lib "in out" (paddr%, pdata%, byteword%) As 
Integer 

Declare Function InitClicks Lib "in out" () As Integer 

Declare Function Clicks Lib "in out" () As Integer 

Declare Function disable int Lib "in out" () As Integer 

Declare Function enable int Lib "in out" () As Integer 


Declare Function FlexConfig Lib "altera" (ByVal file As String, ByRef 
plength As Long) As Integer 

Declare Function FlexSend Lib "altera" (ByVal Cntrl. port, ByVal 
Status, port$, ByVal Data port£$) As Integer 

Declare Function FlexSend10k50 Lib "altera" (ByVal Cntrl_port%, ByVal 
Status, port$, ByVal Data port?) As Long 


'Memory Calls 

Declare Function MemoryInit Lib "memory" (ByVal Start As Long, ByVal 
Length As Long) As Integer 

Declare Function MemoryRead Lib "memory" (ByVal Location As Long, Value 
As Any) As Integer 

Declare Function MemoryWrite Lib "memory" (ByVal Location As Long, 
ByVal Value As Long) As Integer 

Declare Function MemoryReadBuffer Lib "memory" (ByVal Location As Long, 
ByVal Count As Long, ByRef Value As Integer) As Integer 

Declare Function MemoryWriteBuffer Lib "memory" (ByVal Location As 
Long, ByVal Count As Long, ByRef Value As Integer) As Integer 


'LoadTgt DLL 

Declare Function LoadTgtBuf Lib "loadtgt" (ByVal TgtNum%, ByVal params, 
ByVal Values) As Integer 

Declare Function TargetWrite Lib "loadtgt" (ByVal TgtNum%) As Integer 
Declare Function WriteTargets Lib "loadtgt" (ByVal NumTgts%) As Integer 
Declare Function InitializePorts Lib "loadtgt" () As Integer 


'*** RES added variables *** 
Public NumBds As Integer, offset As Integer 
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Public flex_user_ba_ctrl As Integer 
user design ba 

Public user_ba(8) As Integer 

Public BoardNum As Integer 

Dim maxcount As Integer 

Public present(8) As Integer, fstatus(8) As Integer 
Public configdone(8) As Integer, Status(8) As Integer 
Public num_bds_fnd As Integer 


$0 oco coe oe oe ck oe oe ck oed oe oe oe ck ck ode x kx kx x kk x 


' RMS 17 Sep 96 
' Do I need to declare Function Delay(Dwell As Double) ? 


Set this port to determine 


Global 
Global 
Global 


E5032 
Global 
Global 
Global 
Global 
Global 
Global 
Global 
Global 
Global 
Global 


filename As String 
MSG As Integer 
BoardType(8) As String "Bi ther= (0h mer "8K" 
or 5192 Chip Addresses 
FlexCtrlPortBA(8) As Integer 
FlexCtrlPort As Integer 
FlexStatusPort As Integer 
FlexDataPort As Integer 
FlexUserCtrlPort As Integer 
FlexUserBasePort As Integer 
NumFlexes As Integer 
FlexlIndex As Integer 
NumFlexFiles As Integer 


FlexFilelndex As Integer 


'Used to Toggle between chips 
'Used to Set base address in Flex 


'RMS 17 Sep 96 


‘These 


are for 8K only, and maybe not there if we change the 5192 


Global FlexONPort As Integer 
Global FlexOFFPort As Integer 


'Flex 10K50 Chip Addresses 
Global FlexUserBA(8) As Integer 


'Flex File Names and Documentation 


Global 
Global 
Global 


Global 
Global 
Global 
Global 


Global 
Global 
Global 
Global 


Global 
Global 


Global 
A data 


flexfilename(10) As String 
FlexMaxFiles As Integer 
FlexFileDoc(10) As String 


DP_MEM_Right_Addr_Lo As Integer 
DP MEM Right Addr HI As Integer 
DP MEM Right Data As Integer 
DP MEM Right Ctrl As Integer 


DP MEM Left Addr Lo As Integer 
DP MEM Left Addr HI As Integer 
DP. MEM Left Data As Integer 

DP. MEM Left Ctrl As Integer 

DP. MEM Hand. Shake. Sim As Integer 
DP MEM Left addr. Mux As Integer 


HP Ctrl. Port As Integer 'Control Port to select HP connector 


292 


Global HP_Ctrl_data As Integer ‘Control data to Select HP connector 
B data 


' Data - HPA HPB 
i 0 Toggle Toggle 
: d Mem Toggle 
2 Toggle Mem 
i 3 Mem Mem 
Global AttenPortLO As Integer 
Global AttenPortHI As Integer 
Global Const nConfigLo = &H2 
Global Const nConfigHI = &H3 
Global Const nConfigHI_nCSLO = &H1 
Global Const nConfigHI_nCSHI = &H3 
Global Const nStatLO_RDYnBSYHI = &HC 
Global Const ConfDone = &H18 'Conf_Done & nSatus HI 


Global altera(100000) As Integer 
Global MaxAlteraPnts As Long 


Global Const RngDef = &H100 
Global Const PWDef = &H200 


'***** internal addresses for the ISAR program ***** 


'Global Const phiAddr = &H10 ' for Doppler offset 

'Global Const gainAddr - &H20 ' for gain 

'Global Const tapAddr = &H30 ' for tap delay line 

‘Global Const modPulseAddr = &H40 ' for modulated pulse readback 
‘Global Const feedback = &H60 ' for reading back values 


Function Delay(Dwell As Double) 


' This routine creates a time delay that lasts untill Dwell seconds 
' elapse from the time of call. 


' It uses VBasic's Timer function, which returns the number of seconds 
' since midnight on the system clock, rolling from 86400 to 0 at 
midnight. 


' This routine allows delays to begin before midnight and end after, 
' or that span several days. 


Dim SecPerDay As Double 
Dim Start As Double, Done As Double, T As Double, LastT As Double 


SecPerDay = 86400# ' = 60.0 * 60.0 * 24.0 seconds in a day 


Start = Timer 
Done = Start + Dwell 


While (Done > SecPerDay) ' Midnight will come before the delay elapses. 
LastT = Start 
T = Timer 
while (T > LastT) ' Timer has not rolled over. 
LastT = T 
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T = Timer 
DoEvents 
Wend 
' It's midnight, so deduct the previous day's waiting 
' and start a new day. 
Done - Done - (SecPerDay - Start) 
Start = 0 
Wend 


' The delay will elapse before midnight comes. 
While (Done > Timer) 

DoEvents 
Wend 


End Function 
Public Function LoadFlex(filename As String, Index As Integer) 


Dim MSG As Long 

Dim duml As Integer 
Static Status As Integer 
Dim FileDate As String 


‘setup flex addresses 
FlxBaseAddr (BoardNum) 


‘Reset Flex Chip 
MSG = write_port(FlexCtrlPort, nConfigLo, 1) 'Set nConfig (bit 0) LO 


‘Read & Send Data' 
DoEvents 


MSG = FlexConfig(filename, MaxAlteraPnts) 


If (MSG 


1) Then 


MSG = FlexSend10k50(FlexCtrlPort, FlexStatusPort, FlexDataPort) 
Status = Getl0KStatus () 


FileDate = FileDateTime (filename) 
If Status = True Then 
DoEvents 
MSG = write port(FlexCtrlPort, &HF, 1) 'Set nCONFIG, nCS, 
nCLR, IO.ENB - 1 
LoadFlex - True 


Else 
LoadFlex = False 
End If 
Delay (0.2) ‘Delay .2 Second for Visual Effect 
Else 
LoadFlex = False 
EDGE 


End Function 
Public Sub InitFlexType() 
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Dim i As Integer 

Dim ret As Integer 

Dim memory_length As Long 
Dim status_init As Integer 


BoardType (BoardNum) = "10K" 
Call InitBoardBase (BoardType (BoardNum) ) ‘Get Base Address 
If BoardType(BoardNum) - "10K" Then InitFlxi0KAddr (BoardNum) 


'Set First Board as Default 
End Sub 


Function Getl0KStatus() 
Static MSG As Integer 


MSG - write port(FlexUserCtrlPort, &H1, 1) ‘Turn on Read 
Buffer Capability 


MSG = read_port(FlexStatusPort, fstatus(BoardNum), 1) ‘Get 
Flex Status 


If fstatus(BoardNum) = &HFF Then 
'the board is off or not plugged in 
Get10KStatus = False 


present (BoardNum) = False 
Status (BoardNum) = False 
configdone(BoardNum) = False 
Exit Function 

End If 


If (&H40 And fstatus(BoardNum)) <> &H40 Then 


'nSTATUS bit = 0 -- an error occurred 
Get10KStatus = False 
Status(BoardNum) = False 
configdone (BoardNum) = False 
Exit Function 
Else 
End I£ 
If (&H60 And fstatus(BoardNum)) = &H60 Then 
'nSTATUS bit = 1 and CONF_DONE = 1 -- the FLEX programmed OK 
Si ConfigDone.Value = 1 
Else 
s ConfigDone.Value = 0 
configdone(BoardNum) = False 


Get10KStatus = False 
Exit Function 


End rt 

present (BoardNum) = True 
Status (BoardNum) = True 
configdone (BoardNum) = True 


Get10KStatus = True 
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End Function 
Sub get flex ini() 
Dim a As String, b As Integer 


On Error GoTo ini. err. handler 


Open "flex.ini" For Input As #1 
Input #1, NumBds, a 
For b = 1 To NumBds 
Input #1, BoardNum 
Input #1, FlexCtrlPortBA(BoardNum), crystal. clk(BoardNum) 
Input #1, user ba(BoardNum), flexfilename (BoardNum) 
Input #1, a 
Next b 
Close #1 
Exit Sub 


ini. err handler: 
Exit Sub 


End Sub 
Function FlexSendVB(altera() As Integer, NumPnts As Long) 


Static Status As Integer 
Static j As Long 
Static ConfigData As Integer 


Debug.Print altera(5) 
Debug.Print NumPnts 


'Reset Flex Chip 
MSG = write port(FlexCtrlPort, nConfigLo, 1) 


MSG = write _port(FlexCtriPort, nConfigHI, 1) 


'Check for FLEX Proper Response 
j = 0 
MSG - write port(FlexCtrlPort, nConfigHI, nCSLO, 1) 
MSG - read port(FlexStatusPort, Status, 1) 
While Status <> nStatLO_RDYnBSYHI 
MSG = read_port(FlexStatusPort, Status, 1) 


IL 
If j > 200 Then 
FlexSendVB = -2 
Exit Function 
End If 
Wend 


For j = 1 To NumPnts 
ConfigData = altera(j) 
MSG = write_port(FlexDataPort, ConfigData, 1) 


Next j 
MSG - write port(FlexCtrlPort, nConfigHI nCSHI, 1) 
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Delay (0.5) 'Wait half a second before getting status 

MSG = read_port(FlexStatusPort, Status, 1) 

Status = Status And &H1C 'And out unused bits 
If Status <> ConfDone Then 'Is Conf_Done & nStatus HI 
FlexSendVB = -3 
Exit Function 

End If 


FlexSendVB = True 


End Function 


Function FlexConfigVB(filename As String) As Integer 


Dim line As String 

Static i As Long 

Static CommaLeft As Integer 
Static CommaRight As Integer 
Static Token As Integer 


'main.flexstatus.Text = "Reading Flex File " + filename 
'main.flexstatus.BackColor = LtGray 
DoEvents 


Open filename For Input As #1 


l1 = 1 
Do While Not EOF (BoardNum) ' Loop until 
Line Input #1, line ' Read data into two variables. 
: Debug.Print line ' Print data to Debug window. 
CommaLeft = 1 
CommaRight = -1 


Do While True 
CommaRight = InStr(CommaLeft, line, ",", 1) 
If CommaRight = 0 Then 'If not at first character then exit 
If CommaLeft <> 1 Then Exit Do 
CommaRight = 10 
End It 
Token = Mid(line, CommaLeft, CommaRight - CommaLeft) 
altera(i) = Val (Token) 
TAR] 
CommaLeft = CommaRight + 1 
Loop 
Loop 


Close #1 ' Close file. 

MaxAlteraPnts = i - 1 'Fix total number of bytes read 
FlexConfigVB = True 

End Function 

Function F1x10KSetAddr (Index As Integer) 


Dim MSG As Integer, CBA As Integer, UBA As Integer 


CBA = FlexCtrlPortBA (Index) 
UBA = FlexUserBA (Index) 
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FlexCtrlPort CBA 
FlexDataPort = CBA + 1 


‘Control Pert 
‘Data Programming Port 


FlexStatusPort = CBA ‘Status Port 

FlexUserCtrlPort = (CBA And &H3F0) + 4 ‘Flex User Control Port (A 
or B) 

FlexUserBasePort = UBA 


RMS 17 Sep 96 

These do not make sense with the new (or old) U4 map. 
DP_MEM_Right_Addr_Lo = CBA + 3 

DP_MEM_Right_Addr_HI = CBA + 5 


Bob? 


End Function 


Function FlexSendBuffer () 
Dim MSG As Long 


‘main. flexstatus (0) .Text "Sending Data " 


MSG = FlexSendVB(altera(), MaxAlteraPnts) 
If MSG <> MaxAlteraPnts Then 
main.flexstatus(0).Text = "Error Configuring Flex" 
main.flexstatus(0).BackColor = red 
FlexSendBuf fer = False 
Exit Function 
End If 


'main.flexstatus(0).Text - "Flex Configured" 


'msg GetFlexSDatus() 


FlexSendBuffer 
End Function 


True 


Sub InitFl1x10KAddr (BoardNum As Integer) 


'Set Altera 5192 Base Addresses 


FlexCtrlPort - FlexCtrlPortBA(BoardNum) + 0 
FlexDataPort = FlexCtrlPortBA(BoardNum) + 1 
FlexStatusPort = FlexCtrlPortBA(BoardNum) + 2 


‘opt F1lxBaseAddr (Board) .Value True 

‘Set FLEX Address for Left side of Dual Port Memory 
DP_MEM Left_Data FlexUserBA (BoardNum) + O 
DP_MEM_Left_Addr_Lo FlexUserBA (BoardNum) 
DP_MEM_Left_Addr_HI FlexUserBA (BoardNum) 


DP_MEM_Left_Ctrl FlexUserBA (BoardNum) + 3 


+ 1 
+ 2 


— 
— 


'Set FLEX Address for Right side of Dual Port Memory 


DP MEM Right. Data 
DP MEM Right Addr. Lo 
DP MEM Right. Addr HI 
DP MEM Right Ctrl 


— 


DP MEM Left. addr. Mux 


FlexUserBA(BoardNum) + 4 
FlexUserBA (BoardNum) 
FlexUserBA (BoardNum) 
FlexUserBA(BoardNum) + 7 


+ 5 
+ 6 


+ &HC 


FlexUserBA (BoardNum) 
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End Sub 


‘Note that 'FlexUserBA' is determined by .ttf design file 
'FlexCtrlPortBA(BoardNum) is the board addr. determined by wire straps 
CO 5T9Z 

'This Routine returns the number of Files read 

Public Sub InitBoardBase(BrdType As String) 

Dim i As Integer 

Dim dum As String 

Dim line As String 

Dim line2 As String 

Dim filename As String 


9k oe oe oe ck oe e kx x Ak x x 


Exit Sub 
filename = "Win" + BraType + ".ini" 
Open filename For Input As #1 


Input #1, NumFlexFiles, dum 
For i = 0 To NumFlexFiles - 1 

Input #1, flexfilename(i), FlexFileDoc(i) 
Next i 


' Skip Three lines 
Line Input #1, dum 
Line Input #1, dum 
Line Input #1, dum 


3: — 00 
Do Until EOF(1) 
Input #1, FlexCtrlPortBA(i), FlexUserBA(i), dum '5192 and FLEX 
base addr 
yo 5 4 + 1 
Loop 


IF (G > 8) Then 

NumFlexes = 8 

MsgBox ("File " + filename + " contains too many base addresses.") 
Else 

NumFlexes = i 
End If 


Close #1 


End Sub 
Sub init_flex_param() 


' 5032 or 5192 Addresses 


FlexCtrlPort = FlexCtrlPortBA{(BoardNum) + O 
FlexDataPort = FlexCtrlPortBA(BoardNum) + 1 
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End Sub 


'I input 
‘on dual 


Function 
Static 
Static 


LI 
End 
LoAd 
HiAd 
MSG 
MSG 
SetA 
Enc Func 


Private 
Dim a 


FlexStatusPort = FlexCtrlPortBA(BoardNum) + 2 


FlexOFFPort = FlexCtrlPortBA(BoardNum) + 6 
FlexONPort = FlexCtrlPortBA(BoardNum) + 7 


flex user ba ctrl - FlexCtrlPortBA(BoardNum) + 3 


parameter sets the address of the right port 
port memory (0-4095) 


SetAddrRight(i As Integer) 
LoAddr As Integer 
HiAddr As Integer 


> 4095 Then 
SetAddrRight = False: Exit Function 
DE 


dr = i Mod 256 

dr 0250 

write port(DP MEM Right Addr Lo, LoAddr, 1) 
write port(DP MEM Right Addr HI, HiAddr, 1) 


ddrRight = True 
tion 
Sub FlxBaseAddr (Index As Integer) 


Dim MSG As Integer, CBA As Integer, UBA As Integer 


End Sub 


SE: INpur 


‘on dual 


‘Definition of Ports used to program and control the FLEX chip 
‘on a 10K50 board 


F1x10KSetAddr (Index) 
MSG = Geti0KStatus () 


optFlxBaseAddr (Index) .Value = True 


FlexIndex = Index 


'Get and Display Status of Current Flex Chip 
MSG = Get10KStatus{() 


parameter sets the address of the left port 
port memory (0-4095) 


Function SetAddrLeft (i As Integer) 
Static LoAddr As Integer 
Static HiAddr As Integer 
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If i- > 4095 Then 
SetAddrLeft = False 
EXit Function 

Enda If 


LoAddr = i Mod 256 

HiAddr =mi 256 ‘Be Sure to Integer divide 
MSG - write port(DP MEM Left Addr Lo, LoAddr, 1) 
MSG - write port(DP MEM Left, Addr HI, HiAddr, 1) 


SetAddrLeft - True 


End Function 


Function usecDelay(Dwell As Integer) 
Dim initClick As Long 

Dim currentClick As Long 

Dim EndClick As Long 

Dim icnt As Long 

Dim ret As Integer 


EndClick = Dwell / 0.8381 ‘Each click represents 0.8381 usec 

met = iInitClicks 

inite lick = Clicks ‘Sets Down counter to max value ( about 
65,000) 


mE anitClick < 0 Then 
initClick =< 165535 + Init liek 
End If 
currentClick = Clicks ‘Reads current count 
If currentClick < 0 Then 
currentClick = 65535 + currentClick 
End If 


rent = 0 


While (EndClick > (initClick - currentClick) ) 
currenteeliek = Clicks 
If currentClick < 0 Then 
currentClick = 65535 + currentelick 
End If 
3cuti-c2360nt sail 
If icnt > 1000000 Then 
usecDelay = False 
Exit Function 
End If 
Wend 


usecDelay - True 
End Function 
Sub Board Bit() 


Dim i As Integer 
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init_flex_param 
flexform.ini_num.Text = NumBds 
num bds fnd = 0 


'** find + of boards that respond to ping ** 
For BoardNum = 1 To NumBds 
F1x10KSetAddr (BoardNum) 
flexform.addr (BoardNum) .Text - Hex(FlexCtrlPortBA(BoardNum)) 
ck_bd_present 


If present (BoardNum) = False Then 
flexform.present (BoardNum) .BackColor = red 
Else 
flexform.present (BoardNum) .BackColor = green 
num bds fnd z num bds fnd + 1 
End If 
Next BoardNum 
flexform.found num.Text - num bds. fnd 
End Sub 
Sub ck bd present() 
Static MSG As Integer 
MSG - write port(FlexUserCtrlPort, &H1, 1) ‘Turn on Read 
Buffer Capability 
MSG - read port(FlexStatusPort, fstatus(BoardNum), 1) 'Get 


Flex Status 


If fstatus(BoardNum) = «HFF Then 
present (BoardNum) = False 
Else 
present (BoardNum) = True 
End If 
End Sub 


Sub test. boards() 
Dim dum As Integer, dly As Long, invar As Integer 


flexform.Show 
'** set initial state to gray in leds 
For dum = 1 To NumBds 
flexform.present(dum).BackColor - LtGray 
flexform.Bstatus(dum).BackColor - LtGray 
flexform.Bconfigdone (dum) .BackColor = LtGray 
flexform.BBIT(dum) .BackColor = LtGray 


Next dum 
'** check presence of boards *** 
get_flex_ini ' read basic flex addrs. & pri param. from 


filename$.ini file 
reset_flexs 


Board_Bit ' check # of boards and operational status 


'** load flex chips & display status ** 
For BoardNum - 1 To NumBds 
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If present (BoardNum) = True Then 
InitFlexType 
flexform.Bconfigdone (BoardNum) .BackColor = yellow 
MSG = LoadFlex(flexfilename(BoardNum), 1) 
F1x10KSetAddr (BoardNum) 


GetlOKStatus 
If Status(BoardNum) = False Then 
flexform.Bstatus (BoardNum).BackColor = red 
Else 
flexform.Bstatus (BoardNum) .BackColor = green 
End If 
'*** write user base addr. to flex (a=3x6, b=3x7) 
offset = (0.5 * (FlexCtrlPortBA(BoardNum) And &H2) + 6) - 


(FlexCtrlPortBA(BoardNum) And &H2) 
dum = write port(FlexCtrlPortBA(BoardNum) + offset, 
user_ba (BoardNum) \ &H4, 1) 'set Flex User BaseAddr 


If configdone (BoardNum) = False Then 
flexform.Bconfigdone (BoardNum) .BackColor = red 
Else 
flexform.Bconfigdone (BoardNum) .BackColor = green 
End If 


flexform. filename (BoardNum) .Text = flexfilename (BoardNum) 

flexform.userBA (BoardNum) .Text = Hex(user_ba(BoardNum) ) 
'** check BIT register for proper load 

dum = write_data(&HFC, BoardNum * &H15A5, 2) ‘write board 
(internal addr (linear addr. 0 ->255 words) , data , word) 

dum = read_data(&HFC, invar, 2) 

If invar = BoardNum * &H15A5 Then 
flexform.BBIT(BoardNum) .BackColor = green 


Else 
flexform.BBIT(BoardNum) .BackColor = red 
End If 
i dum - write port(user ba(BoardNum), 0, 2) ' zero BIT reg. 
for noninterference w/next board 
End If 'end check for board present 
Next BoardNum 
For dly = 1 To 10000: DoEvents: Next dly 
End Sub 
Sub reset flexs() 'reset flex chips (unload) 
Dim dum As Integer 
get flex ini 
For BoardNum = 1 To NumBds 
MSG 2 write port(FlexCtrlPortBA(BoardNum), nConfigLo, 1) ‘Set 
nconfig (bit 0) LO 
i MSG = write_port(FlexCtrlPortBA(BoardNum), nConfigHI, 1) ' Set 


nConfig (bit 0) LO 
Next BoardNum 


'** set initial state to gray in leds 
For dum = 1 To NumBds 
flexform.present (dum) .BackColor = LtGray 
flexform.Bstatus(dum).BackColor = red 
flexform.Bconfigdone (dum) .BackColor = LtGray 
flexform.BBIT(dum) .BackColor = LtGray 
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Next dum 
Board_Bit 


End Sub 
Function write_data(iaddr As Integer, idata As Integer, iword As 
Integer) As Integer 

'MSG = write_port(user_ba(BoardNum) + 2, iaddr, 2) ‘internal addr 
of I/O - 256 addrs. per Flex chip 

'MSG = write_port(user_ba(BoardNum) + 0, idata, 2) ‘internal data 
of I/O - always 16 bit (word) write 

MSG = write_port (FlexUserCtrlPort, &KO, 1) 

MSG = write port(user ba(&Hl1) + 2, iaddr, 2) ‘internal addr of I/O 
- 256 addrs. per Flex chip 

MSG = write_port(user_ba(&H1) + 0, idata, 2) ‘internal data of I/0 
- always 16 bit (word) write 
End Function 
Function read_data(iaddr As Integer, idata As Integer, iword AS 
Integer) As Integer 

MSG = write_port(FlexUserCtrlPort, &HO, 1) 

MSG = write_port(user_ba(&H1) + 2, iaddr, 1) ‘internal addr of I/O 
- 256 addrs. per Flex chip 

MSG = write_port(FlexUserCtrlPort, &H1, 1) 

MSG = read_port(user_ba(&K1) + 0, idata, 2) ‘internal data of I/O - 
always 16 bit (word) write 
End Function 


c. global.bas 


Attribute VB_Name = "global" 
Global crystal_clk(8) As Single 


*****codorcdefinitions ^ *5* 
Global Const red = &HFF& 
Global Const blue = &HFF0000 
Global Const green &HFFOO& 
Global Const black &HO 
Global Const yellow = &HFFFF& 
Global Const brown = &H80FF& 


Global Const ltblue = &HFFFF00 
Global Const LtGray = &H8000000F 
Global Const DkGray = &H808080 


Global Const Beige = &HCOFFFF 


d. main.bas 


Attribute VB_Name = "MainMod" 
Option EXPLICIE 


Sub Main() 
Dim dum As Integer, cnt As Integer, invar As Integer 


'*** open running windows *** 
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flexform. Show KEl'exform.itrm 


'*** check the latch values *** 
test boards ' flexfunc.bas 


readPara ' file.bas 

readRaw ' file.bas 

readCosine ' file.bas 

readSine ' file.bas 

isar ' the_isar.bas 

' pep_test 'peptest.bas' 
End Sub 


e. the_isar.bas 


Attribute VB_Name = "the_isar" 
Option Explicit 
'***** internal addresses for the ISAR program ***** 


Global Const phiAddr = &H10 ' for Doppler offset 

Global Const gainAddr = &H20 "for gain 

Global Const tapAddr = &H30 ' for tap delay line 

Global Const modPulseAddr = &H40 ' for modulated pulse readback 
Global Const feedback = &H60 ' for reading back values 


Public Sub isar() 


Dim batchCnt As Integer 

Dim pulseCnt As Integer 

Dim intraPulseCnt As Integer 
Dim tapCnt As Integer 

Dim Tap(3) As Integer 

Dim Phase(3) As Integer 

Dim rgain(3) As Integer 

Dim GainOutI(3) As Integer 
Dim GainOutQ(3) As Integer 
Dim Acc(3) As Integer 

Dim Lut(6) As Integer 

Dim finalAcc(4) As Integer 
Dim tmp As Integer 

Dim dummyl, dummy2 As Double 
Dim LutI As Double 

Dim LutQ As Double 

Dim GainOutIdec, GainOutQdec As Double 
Dim dummy3, dummy4 As Double 
Dim idx As Integer 

Dim sumI, sumQ As Double 

Dim finalAccI, finalAccQ As Double 


Dim finalAccI NEW, finalAccQ NEW As Double 'for test of Public Function 


numFormConv 

Dim number As Integer ‘for test of Public Function 
twoComplement2Float 

Dim test As Double 'for test of Public Function 
twoComplement2Float 

Dim n As Integer 'for test of Public Function 


twoComplement2Float 
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‘load data files (file.bas) 
readPara 
readRaw 


‘Open file for write 

Open "lets_check.txt" For Output As #1 
Open "imagei.txt" For Output As #2 
Open "imageq.txt" For Output As #3 


'test of Public Function twoComplement2Float 

‘Print #1, "Test of Public Function twoComplement2Float: " 
'n = 4 'number of bits 

'For number = 0 To (2 ^ n - 1) 

: test = twoComplement2Float (number, n) '* 2 ” (n - 1) 
Print #1, number, “=", test “print to lets check 
‘Next number 


‘Initialize gain values 

flexform. TGain(0) .Text Gain (0) 
flexform.TGain(1).Text = Gain(1) 
flexform.TGain(2).Text Gain (2) 


‘Reset tap-delay line 
MSG = write_data(tapAddr, 0, 2) 
MSG = write_data(tapAddr, 1, 2) 


‘loop for batch 
For batchCnt = 0 To nDopplerCell - 1 


‘loop for intra-pulse: repeat for number of range gates + target 


extent 
For intraPulseCnt = 0 To (nRangeCell + targetExtent - 1) 


‘Write Phi and Gain values 
For tapCnt = 0 To targetExtent - 1 
‘load Doppler offset parameters 
'MSG = write_data(phiAddr + tapCnt, Phi(nDopplerCell - 
batehont = 1, tapent), 2) 
MSG = write_data(phiAddr + tapCnt, Phi(batchCnt, tapCnt), 
2) 
Print #1, "batchCnt=", batchCnt 
Print #1, "intraPulseCnt=", intraPulseCnt 
Print $1, "tapcnts", tapCnt 
Print #1, "Phi (batchCnt, tapCnt)=", Phi (batchCnt, tapCnt) 
‘load gain parameters 
MSG = write_data(gainAddr + tapCnt, Gain(tapCnt), 2) 


Next tapCnt 
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‘Read back gain values 

For idx = 0 To ? 
MSG = read_data(gainAddr + idx, rgain(idx), 2) 
rgain(idx) = rgain(idx) And £H7 
flexform.TGain(idx).Text - rgain(idx) 
Prints #1, "rgain=®, rgain(idxk) 

Next idx 


‘Read back phi values 
For 10x = ONTO 2 
MSG = read_data(phiAddr + idx, Phase(idx), 2) 
Phase(idx) = Phase(idx) And £H1F 
flexform.TPhi (idx) .Text = Phase(idx) 
Print #1, "Phase=", Phase (idx) 
Print #1, "Phase(idx)=", twoComplement2Float (Phase(idx), 5) 
* (2^ 7), "converted from 2-complement" 
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' Strobe into delay line 

MSG = write_data(tapAddr + 1, 0, 2) ' ripple data 

MSG = write_data(tapAddr + 2, DRFM(batchCnt, intraPulseCnt), 2) 
Strobe in new data 

Print #1, "DRFM(batchCnt, intraPulseCnt)=", DRFM(batchCnt, 
intraPulseCnt) 

Print #1, "DRFM(batchCnt, intraPulseCnt)=", 

twoComplement2Float(DRFM(batchCnt, intraPulseCnt), 5) * (2^ 7), 
"converted from 2-complement" 


'Read back tap values 

For idx = ORTON? 
MSG - read data(tapAddr + idx, Tap(idx), 2) 
Tap(idx) = (Tap(idx) And &H1F) 
flexform.TTap(idx) .Text = Tap(idx) 
Print #1, "Tap=", Tap (idx) 


'Read back ph_acc values (mod 32) 
For idx = 0 To 2 
MSG = write_data(feedback, idx, 2) 
MSG = read_data(feedback, Acc(idx), 2) 
Acc(idx) = Acc(idx) And &H1F 
flexform.TAcc(idx).Text = Acc(idx) 
Print #1, “Acc="7) Ace (ia) 
Print #1, "Acc(idx)=", twoComplement2Float (Acc(idx), 5) * 
(2^ 7), "converted from 2-complement" 


'Read back LUT values 
tmp. 03 
'sumI s ^0 
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‘sumQ = O 
Bor, Lax = 0 Toe 
MSG = write_data(feedback, tmp + (idx * 2), 2) 
MSG = read_data(feedback, Lut(idx * 2), 2) 
MSG = write_data(feedback, tmp + (idx * 2 + 1), 2) 
MSG = read_data(feedback, Lut(idx * 2 + 1), 2) 
Lut (idx * 2 + 1) = (Lut(idx * 2 1) And &HFF) 
Lut (idx * 2) = (Lut(idx * 2) And &HFF) 
dummyl - Val (Format (twoComplement2Float (Lut (idx * 2), 8), 
"##  ###") ) 
dummy2 = Val (Format (twoComplement2Float (Lut (idx * 2 + 1), 
8), "##.###")) 
LutI = twoComplement2Float(Lut(idx * 2), 8) 
LutQ = twoComplement2Float (Lut (idx * 2 + 1), 8) 
flexform. TLut (idx) .Text = Str(dummyl) & "," & Str (dummy2) 
{Print #1, "LUT(1dx*2)=", Lut(10xsé#82).*dumnyi=-",. dünn F 
"Lutri-"S BUuET 
‘Print #1, "LUT(idx*2*1)-')"Lbut(idx * 72 9r 1) Eum 
dummy2, "LutQ-", LutQ 
'Yeo's output of intermediate results 
‘'flexform.TPhi(idx).Text = Hex(Lut(idx * 2)) & "," & 
Hex(Lut(1dx0*72 25595 
'sumlI = sumI + twoComplement2Float (Lut(idx * 2), 8) * 
Gain(idx) 
‘sumQ = sumQ + twoComplement2Float(Lut(idx * 2 + 1), 8) * 
Gain(idx) 
Print $1. "rdx —^, "uci 
Print 41, "Lutl("; x3dx; ")=", 0" oV butik * 92) eee 
Lut i 
Print #1, "LutQ("; i1dx;©")=" RE e 
"Lut0=", Luto 
Print 41, "Gain("; idx; 7)", "AU Gaini rax) 
Next idx 
'flexform.TSunm(0) Text 
'flexform.TSum(1).Text 
'flexform.TSum(2).Text 
'flexform.TSum(3).Text 
'Print #2, sumI 
‘Print #3, sumo 


Str(sumI) 
Str (sumQ) 
Str (0) 
Str(0) 


'Read back gain block outputs (I channel - 11 bits) 


tmp = 13 
For idx DOS 
MSG = write_data(feedback, (tmp + idx), 2) 


MSG = read_data(feedback, GainOutI(idx), 2) 
GainOutl (idx) = GainOutI (idx) And &H7FF 
'GainOutIdec = 
Val (Format (twoComplement2Float (GainOutI (idx), 11), "##.###")) 
GainOutIdec = twoComplement2Float (GainOutI(idx), 11) 
Print #1, "GainOutI("; idx; ")=", GainOutI (idx), 
"GainOutIdec=", GainOutIdec 
Next idx 


‘Read back gain block outputs (Q channel - 11 bits) 
tmp - 16 
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Hor idx. = TON 
MSG = write_data(feedback, (tmp + idx), 2) 
MSG = read_data(feedback, GainOutQ(idx), 2) 
GainOutQ(idx) = GainOutQ(idx) And &H7FF 
'GainOutQdec = 
Val (Format (twoComplement2Float (GainOutQ(idx), 11), "###.###")) 
GainOutQdec = twoComplement2Float (GainOutQ(idx), 11) 
Print 4i GainoutOQ eid, =", GainoOuco(idax) , 
"GainOutQdec=", GainOutQdec 
Next idx 


'Read back sum values (modified code by Stig, 2 Aug -99) 


tmp - 9 
EinalAcer = 0 
finalAccQ = 0 


"Read back sum values (I channel - 13 bits) 

MSG = write_data(feedback, tmp + 0, 2) 

MSG - read data(feedback, finalAcc(0), 2) 

finalAcc(0) = finalAcc(0) And &H1FFF 

dummy3 = Val (Format (twoComplement2Float (finalAcc(0), 13), 
"#### ###")) 

‘flexform.TSum(0).Text = Str(dummy3) 

finalAccI = twoComplement2Float (finalAcc(0), 13) 

finalAccI_NEW = numFormConv(finalAcc (0) ) 

flexform.TSum(0).Text = Str(finalAccI) 

Print #1, "finalAcc(0)-", " *. finalAcc(0), "tina TAccióéoNA 
finalAccI 

Print #1, " - To test the new numFormConv function", 
"finalAccIN = ", finalAccI_NEW 

Print #2, finalAcclI 

'Read back sum values (Q channel - 13 bits) 

MSG = write_data(feedback, tmp + 1, 2) 

MSG - read data(feedback, finalAcc(1), 2) 

'Print #1, "TTTEEESSSTTT finalAcc(1) = ", finalAcc(1) 

finalAcc(1) = finalAcc(1) And &H1FFF 

dummy4 = Val(Format(twoComplement2Float(finalAcc(1), 13), 
"#### ###")) 

'flexform.TSum(1).Text - Str(dummy4) 

finalAccQ = twoComplement2Float(finalAcc(1), 13) 

finalAccQ_NEW = numFormConv(finalAcc(1)) 

flexform.TSum(1).Text = Str(finalAccQ) 

Print #1, "LinalAcct!) =", ©", tine lAcc (1). f7 final AccO- 4 
finalAccQ 

Print #1, " - To test the new numFormConv function", 
"finalAccQN - ", finalAccQ NEW 

Print #1, "---------------------------------------------------- 
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Print #3, finalAccQ 
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“tilextorm.TSum(Z)..Text = Str io) 
'flexform.TSum(3).Text = Str(0) 

‘tmp = 9 

‘For idx s O To 1 

| MSG = write_data(feedback, tmp + idx, 2) 


i MSG = read_data(feedback, finalAcc(idx), 2) 

finalAcc(idx) = finalAcc(idx) And &H1FFF 

dummy3 = Val(Format (twoComplement2Float (finalAcc (idx), 
13), "##.###")) 

Print #1, "FINALACC(idx)=", finalAcc(idx), "dummy3=", 


dummy3 
flexform.TSum(idx) .Text = Str(dummy3) 
: finalAc = sumQ + twoComplement2Float (GainOutQ (idx), 11) 
'Next idx 
'Print #2, finalAcc(0) 
'Print #3, finalAcc(1) 
flexform.Clock.Text = Str(batchCnt) + "," + Str(intraPulseCnt + 
1) 
Next intraPulseCnt ‘end intra-pulse loop 
Next batchCnt ‘end batch loop 
Close #1 
Close #2 
Close #3 
End Sub 


Public Function twoComplement2Float(a As Integer, nbits As Integer) As 
Double ‘modified by Stig Ekestorm, 4 Aug -99 
Dim dummyl, dummy2, dummy3, dummy4 As Integer 


dummy1 = 2 ^ (nbits - 1) 


dummy4 = 2 ^a nbits 
dummy2 = dummyl - 1 
If (a >= dummyl) Then ' negative number test 
dummy3 = dummyl - (a And dummy2) 
twoComplement2Float = -1 * dummy3 / (2 * 7) '/ dummyl '(divide by 
128 to put the decimal point at the right position) 
Else 


twoComplement2Float = a / (2 * 7) ‘/ dummyl '(divide by 128 to put 
the decimal point at the right position) 
End If 


If a >= 2 ^ nbits Then 
twoComplement2Float = -1111 
End If 
End Function 
Public Function numFormConv(a As Integer) As Double ‘created by Prof. 
Fouts, 4 Aug -99 
Dim tempvar As Integer 


tempvar = &HIFFF And a 

If (tempvar >= 4096) Then ' negative number test 
tempvar = tempvar Xor &HlFFF 
tempvar = tempvar + 1 
numFormConv = -1 * tempvar / (2 ^ 7) 

Else 
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numFormConv = tempvar / (2 ^ 7) 
Ena he 
End Function 
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APPENDIX C. SCHEMATICS AND SYMBOLS 
This Appendix contains all elements created in the five different design levels. 
Every Figure has two parts. The upper part shows the circuit as build in S-Edit, where the 
lower part shows the corresponding symbol. The regular Tanner library elements are not 


listed and can be found in the Tanner tools Library manual. 


L. LEVEL 1 MODULES 






[FD='24*1'] [AS='66*1*1') 
(AD="66*1*1'] [PS='2491'] 
TO W='14*]' TO W="28*]' 
z!7*]' uel 
(M-1] «d D 
(PS='24*1'] (AD='66*1*1'] 
[AS='66*1*1'] 


[PD='24*1'] 


Figure 98. P-FET and N-FET Transistor Definition 
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Figure 99. P-FET and N-FET Symbols 
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Logic Equation = (MuxA*notSelect + MuxB*Select) 


Figure 100. Mux2 Circuit 





[TPR OUTPUT=] 


Figure 101. Mux2 Symbol (modified from Tanner’s version) 
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Figure 102. Register Cell Circuit 
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Figure 103. Register Cell Symbol 
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The combination of P-FET and N-FET is called a transmission gate. 
P-PET pulls output high, N-Fet pulls output low 

Point M is the transission between the master latch to the slave latch. 

This setup is a positive-edge-triggered flip-flop that gets fed by a input tree. 

The input tree produces only one valid output at a time as described in the operational notes. 


Operational Note To Make N-Bit Register: 


use n cells 

connect Q of cell n to SRDi of cell n+l 
connect Q of cell n to SLDi of cell n-1 
connect HLD, SR, SL, LD, and CLK in parallel 
there will be n Di inputs; one to each cell 
there will be n Q and n QB outputs 


When clock changes from low to high, 
exactly one input of HLD, LD, SR, or 

SL must be high, the other 3 must be low. 
If all control inputs 

are low, the output is cleared (low). 


+ + » > » -+ 


SRDo = shift right data out 

SLDo = shift left data out 

SLDi = shift left data input 

SRDi = shift right data in 

HLD = hold (do nothing, Q tx-Qt, notQ thznotQ t) 
SR = shift right 

SL = shift left 

Di = data input 

LD = load data 

CLK = clock (positive edge triggered 

Q = data output (consist of SLDo and SRdo) 
QB = inverted data output 


WZ 


Figure 104. D-Bit Register Cell with Synchronous Clear 
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Figure 105. D-Bit Register Cell Symbol 
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Figure 106. Adder Cell Circuit 





Figure 107. Adder Cell Symbol 
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LEVEL 2 MODULES 
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Figure 109. 2-Bit Register Symbol 
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Figure 110. 4-Bit Register Circuit 
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Figure 111. 4-Bit Register Symbol 
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Figure 112. 5-Bit Register Circuit 





Figure 113. 5-Bit Register Symbol 
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Figure 114. 8-Bit Register Circuit 
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Figure 116. 11-Bit Register Symbol 
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Figure 117. 11-Bit Register Symbol 
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Figure 118. 16-Bit Register Circuit 
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Figure 120. 5-Bit Adder Symbol 
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Figure 121. 5-Bit Adder Circuit 
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Figure 122. 16-Bit Adder Symbol 
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Figure 123. 16-Bit Adder Circuit 
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Figure 124. 5-to-32-Bit Decoder Part 1 Circuit 
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Figure 125. 5-to-32-Bit Decoder Partl Symbol 
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Figure 126. 5-to-32-Bit Decoder Part2 Circuit 
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Figure 127. 5-to-32-Bit Decoder Part2 Symbol 
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Figure 128. Programmed LUT Module Circuit 
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Figure 129. LUT Symbol 
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Figure 130. Gain-Shifter Circuit 
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Figure 132. Tapline Circuit 
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Figure 133. Tapline Symbol 
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Figure 134. Supertap Circuit 
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Figure 136. Toplevel 5-to-32 Decoder Symbol 
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